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the
am
ou
nt
of
wa
te
r
th
at
en
te
rs
or
le
av
es
a w
at
er
bo
dy
vi
a
va
ri
ou
s
pa
th
wa
ys
,
su
ch
as
ov
er
—
wa
te
r
pr
ec
ip
it
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io
n/
ev
ap
or
at
io
n
an
d
tr
ib
ut
ar
y
in
fl
ow
/o
ut
fl
ow
.
If
th
e
am
Ou
nt
of
wa
te
r
en
te
ri
ng
th
e
wa
te
r
bo
dy
is
no
t
eq
ua
l
to
th
at
wh
ic
h
is
le
av
in
g
it
,
th
e
wa
te
r
le
ve
l
wi
ll
ch
an
ge
.
Ch
an
ge
s
in
wa
te
r
le
ve
l
ca
n
af
fe
ct
su
ch
di
ve
rs
e
pr
oc
es
se
s
an
d
ac
ti
vi
ti
es
as
na
vi
ga
ti
on
,
sh
or
el
in
e
er
os
io
n,
an
d
sh
or
el
in
e
bi
ol
og
ic
al
ha
bi
ta
ts
,
wh
ic
h
ca
n
in
tu
rn
af
fe
ct
po
ll
ut
io
na
l
le
ve
ls
in
th
e
la
ke
.
Th
e
wa
te
r
bu
dg
et
ca
n
be
us
ed
to
pr
ed
ic
t
wa
te
r
le
ve
l
ch
an
ge
s
du
e
to
th
e
in
te
r—
ve
nt
io
n
of
ma
n,
fo
r
ex
am
pl
e
by
in
fl
ow
/o
ut
fl
ow
re
gu
la
ti
on
an
d
cl
ou
d
se
ed
in
g.
Kn
ow
in
g
ho
w
mu
ch
wa
te
r
is
be
in
g
ad
de
d
or
re
mo
ve
d
vi
a
th
e
va
ri
ou
s
pa
th
wa
ys
,
to
ge
th
er
wi
th
th
e
ch
em
ic
al
co
mp
os
it
io
n
of
th
at
wa
te
r,
al
lo
ws
pr
ed
ic
ti
on
of
th
e
co
nc
en
tr
at
io
n
of
a
su
bs
ta
nc
e
in
th
e
wa
te
r
bo
dy
(m
at
er
ia
l
ba
la
nc
e)
,
as
we
ll
as
th
e
pr
ed
ic
ti
on
of
th
e
ef
fe
ct
iv
en
es
s
of
va
ri
ou
s
po
ll
ut
io
n
co
nt
ro
l
me
as
ur
es
,
su
ch
as
ai
r
po
ll
ut
io
n
co
nt
ro
l,
tr
ib
ut
ar
y
an
d
po
in
t
so
ur
ce
co
nt
ro
l,
an
d
sh
or
el
in
e
er
os
io
n
control.
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RE
SI
DE
NC
E
AN
D
FL
US
HI
NG
TI
ME
S
Th
e
wa
te
r
bu
dg
et
al
lo
ws
th
e
ca
lc
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at
io
n
of
th
e
me
an
re
si
de
nc
e
ti
me
an
d
th
e
me
an
fl
us
hi
ng
ti
me
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r
a
wa
te
r
bo
dy
.
Th
e
re
si
de
nc
e
ti
me
is
de
fi
ne
d
as
th
e
vo
lu
me
of
th
e
la
ke
di
vi
de
d
by
th
e
to
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l
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t
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.
Al
te
rn
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iv
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y,
re
si
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e
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n
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by
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ng
th
e
vo
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th
e
la
ke
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th
e
to
ta
l
ou
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vo
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me
,
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g
ev
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at
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is
ca
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,
ch
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ge
s
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l
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e
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l
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n
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.
Fl
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d
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e
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th
e
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ke
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vi
de
d
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e
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tf
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w
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(e
xc
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or
at
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n)
.
Fl
us
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ng
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fe
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e
pe
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is
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e
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a
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er
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ti
ve
ma
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in
th
e
la
ke
.
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e
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d
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s
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y
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ri
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d
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e
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rf
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.
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e
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d
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s
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r
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s
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of
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e
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ke
Hu
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n
—
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Mi
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e
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ed
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Ta
bl
e
5.
1—
1.
An
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pl
an
at
io
n
of
ho
w
th
e
ca
l—
cu
la
ti
on
s
we
re
do
ne
is
gi
ve
n
be
lo
w
an
d
in
Re
fe
re
nc
es
(5
)
an
d
(6
).
LA
KE
HU
RO
N
(I
NC
LU
DI
NG
G
E
O
R
G
I
A
N
BA
Y
AN
D
NO
RT
H
CH
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NE
L)
Te
mp
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al
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at
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e
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nt
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r
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ke
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n
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d
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l
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s.
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e
wa
te
r
su
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to
th
e
la
ke
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s
fr
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di
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at
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n
(P
)
on
th
e
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ke
su
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fr
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ru
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ff
(R
)
fr
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tr
ib
ut
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y
st
re
am
s
be
ca
us
e
of
pr
ec
ip
it
at
io
n
on
th
e
la
nd
su
rf
ac
es
of
th
e
dr
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na
ge
ba
si
n
an
d
up
st
re
am
di
sc
ha
rg
es
,
an
d
fr
om
in
fl
ow
(I
)
fr
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La
ke
s
Mi
ch
ig
an
an
d
Su
pe
ri
or
.
Wa
te
r
is
lo
st
fr
om
th
e
la
ke
be
ca
us
e
of
ev
ap
or
at
io
n
(E
)
fr
om
th
e
la
ke
su
rf
ac
e
an
d
ou
tf
lo
w
(O
)
do
wn
st
re
am
to
La
ke
Er
ie
.
Wa
te
r
le
ve
l
al
so
ch
an
ge
s
du
e
to
th
er
ma
l
ex
pa
ns
io
n/
co
nt
ra
ct
io
n
(T
).
A
si
mp
le
eq
ua
ti
on
su
mm
ar
iz
in
g
th
e
wa
te
r
bu
dg
et
ca
n
be
wr
it
te
n
as
:
P-E+R+I—O:T=AAS,
wh
er
e
AS
is
th
e
ch
an
ge
in
th
e
vo
lu
me
of
wa
te
r
st
or
ed
in
th
e
la
ke
ba
si
n
du
e
to
ei
th
er
su
rp
lu
se
s
or
de
fi
ci
ts
in
th
e
le
ft
—h
an
d
si
de
of
th
e
eq
ua
ti
on
,
an
d
A
is
th
e
wa
te
r
su
rf
ac
e
ar
ea
.
If
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l
th
e
qu
an
ti
ti
es
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e
ex
pr
es
se
d
as
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nt
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et
re
s
of
la
ke
le
ve
l
ch
an
ge
pe
r
mo
nt
h
(t
he
fl
ow
s
ar
e
di
vi
de
d
by
th
e
su
rf
ac
e
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of
th
e
la
ke
),
th
en
AS
is
th
e
ch
an
ge
in
la
ke
le
ve
l
in
ce
nt
im
et
re
s
pe
r
mo
nt
h.
Gr
ou
nd
wa
te
r
in
fl
ow
or
ou
tf
lo
w
to
th
e
la
ke
ba
si
n
is
om
it
te
d
fr
om
th
e
eq
ua
ti
on
be
ca
us
e
it
s
contribution is not known.
Lo
ng
-t
er
m
av
er
ag
e
es
ti
ma
te
s
of
th
e
La
ke
Hu
ro
n
wa
te
r
bu
dg
et
on
bo
th
a
mo
nt
hl
y
an
d
an
nu
al
ba
si
s
ar
e
pr
es
en
te
d
in
Ta
bl
e
5.
1-
2.
Th
e
da
ta
ar
e
de
ri
ve
d
fr
om
av
er
—
ag
es
fo
r
th
e
ye
ar
s
19
37
th
ro
ug
h
19
60
as
pr
es
en
te
d
by
De
re
ck
i
(7
).
Th
e
Su
rf
ac
e
el
ev
at
io
n
of
th
e
la
ke
ro
se
by
43
.2
cm
du
ri
ng
th
at
in
te
rv
al
.
Th
is
co
rr
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s
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an
nu
al
ra
te
of
in
cr
ea
se
of
1.
8
cm
/a
in
th
e
le
ve
l
of
La
ke
Hu
ro
n
fo
r
th
e
24
—y
ea
r
interval.
 
2
9
7
TABLE 5.1-1 .
RESIDENCE AND FLUSHING TIMES FOR THE
LAKE HURON - LAKE MICHIGAN SYSTEMa
 
WATER BODY
FLOW THROUGH CONNECTING CHANNELSb
RESIDENCE TIME, YEARS
FLUSHING TIME, YEARS
Michigan and Huron (whole)
-
Michigan
Huron (whole)
Huron (main body)
Huron (main body)
and North Channel
North Channel
Georgian Bay
Gross
Gross
Net
Gross
Net
Gross
Net
Gross
Net
   
a
.
b.
Calculations and data base are summarized in Reference (6) and are based on information contained
in
References
(1-4),
(8),
(9),
and
in
Volume
I.
See text for consideration afforded flows through the Straits of Mackinac and the Main Channel.
  
2
9
8
L
A
K
E
H
U
R
O
N
W
A
T
E
R
B
U
D
G
E
T
(
1
9
3
7
-
1
9
6
0
)
a
T
A
B
L
E
5
.
1
—
2
 
A
V
E
R
A
G
E
M
O
N
T
H
L
Y
C
H
A
N
G
E
I
N
L
A
K
E
L
E
V
E
L
,
I
N
C
E
N
T
I
M
E
T
R
E
S
T
O
T
A
L
F
O
R
Y
E
A
R
Ru
no
ff
13
.1
7
3
.
7
P
r
e
c
i
p
i
t
a
t
i
o
n
6.
6
83
.1
St
ra
it
s
of
M
a
c
k
i
n
a
c
6
8
.
5
A
I
d
d
n
s
St
.
Ma
ry
s
Ri
ve
r
1
0
.
2
11
.3
11
.1
11
.3
10
.7
11
8.
4
Tot
al
2
8
.
2
29
.8
27
.2
28
.1
27
.8
29
.3
28
.1
34
3.
7
E
v
a
p
o
r
a
t
i
o
n
3.
4
-
O
.
7
1
0
.
8
1
0
.
7
1
0
.
2
11
.6
71
.5
5
5
0
1
St
.
C
l
a
i
r
R
i
v
e
r
19
.3
21
.2
27
.8
23
.4
23
.6
24.1
2
4
.
2
23.9
23
.6
2
3
.
4
22
.7
270
.4
Tot
al
27.5
24
.6
23
.3
24.6
22
.9
26.9
34
.3
341
.9
W
a
t
e
r
Q
u
a
n
t
i
t
y
11
.5
T
h
e
r
m
a
l
E
x
p
a
n
s
i
o
n
3
6
9
1
0
1
3
L
a
k
e
L
e
v
e
l
-
1
.
8
-
3
.
7
  
a.
U
n
i
t
s
a
r
e
in
c
e
n
t
i
m
e
t
     
r
e
s
o
f
l
a
k
e
l
e
v
e
l
c
h
a
n
g
e
p
e
r
m
o
n
t
h
.
    
1
.
0
c
m
/
m
o
n
t
h
z
2
2
8
m
3
/
s
.
      
Division
of
the
average
depth
of
the
lake
(59
m)
by
the
long-term
annual
average
supply
(3.44
m/a)
gives
16.8
years
as
an
estimate
of
the
mean
residence
time
for
water
in
the
lake.
This
estimate
is
based
on
the
net
inflow
of
water
to
Lake
Huron
from
Lake
Michigan.
Of
the
total
supply,
54.4%
comes
from
precipita—
tion
on
the
lake
surface
and
runoff
from
the
drainage
basin,
16.7%
comes
from
inflow
from
Lake
Michigan,
and
28.9%
comes
from
inflow
from
Lake
Superior.
Of
more
interest
to
water
quality
considerations
is
the
mean
flushing
time,
derived
by
dividing
the
mean
depth
of
the
lake
by
the
long-term
average
outflow
(2.70
m/a).
The
flushing
time
computed
in
this
manner
and
considering
no
outflow
from
Lake
Huron
to
Lake
Michigan
through
the
Straits
of
Mackinac
is
about
21.8
years.
This
implies
that
the
concentration
of
any
strictly
conservative
material
in
the
lake
will
increase
if
less
than
4.5%
of
the
total
amount
of
material
in
the
lake
is
purged
annually
via
outflow
through
the
St.
Clair
River
to
Lake
Erie.
Water
flows
through
the
Straits
of
Mackinac
in
a
complex
manner,
as
described
below
in
the
Interlake
Water
Exchange
section.
If
gross
flows
of
water
between
Lake
Michigan
and
Lake
Huron
are
considered,
rather
than
net
flows,
then
the
residence
and
the
flushing
times
are
14.2
and
17.4
years,
respectively.
GEORGIAN BAY
Georgian
Bay
is
located
at
the
northeast
corner
of
the
Lake
Huron
system.
Water
exchange
with
Lake
Huron
occurs
through
the
channel
(herein
called
Main
Channel)
bounded
primarily
by
Manitoulin
Island
and
the
Bruce
Peninsula.
Addi—
tional
exchange
occurs
with
North
Channel
through
the
channel
formed
at
Little
Current.
The
water
budget
equation
for
Georgian
Bay
is
of
the
same
form
as
previously
given
for
Lake
Huron
which
considers
inputs
and
outputs
of
water
from
precipita-
tion,
drainage,
and
evaporation.
Inflow
and
Outflow
through
the
connecting
channels
can
be
considered
as
either
gross
or
net
exchange
values.
Because
of
a
more
limited
data
base,
the
water
budget
(Table
5.1—3)
for
Georgian
Bay
could
only
be
calculated
for
1974
(8).
EXCHANGE THROUGH MAIN CHANNEL
Monthly
and
annual
net
exchange
through
Main
Channel
was
computed
as
the
residual
necessary
to
achieve
a
balance
for
each
time
period.
The
transport
of
water
at
depths
greater
than
5 m
was
computed
from
direct
current
measurements
at
six
locations
across
the
channel
at
depths
of
10,
15,
and
i
25
m
(depth
permitting).
The
transport
in
the
upper
5 m
is
the
residual
required
1
to
yield
the
calculated
net
exchange
figures.
Of
most
significance
are
the
May
1
through
November
flows.
In
each
of
those
months,
the
deep
outflow
exceeded
the
new
outflow
from
Georgian
Bay,
meaning
that
there
was
a
compensating
inflow
of
surface
water
from
Lake
Huron
to
the
bay.
The essentially unstratified flow during January through April and in
December
has
been
inferred.
A
small
net
transfer
of
water
occurs
toward
Lake
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LA
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.1
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.6
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.4
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6
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8.
6
18.3
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4
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7.
6
6.3
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4
4.0
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6
8
.
2
13
.2
6.
0
1
3
.
2
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1
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8
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.0
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6
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5
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2
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3
5
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2
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1
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6.
5
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7
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O
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a
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u
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—18
.4
-27
.1
—8
3.
2 —
1
1
3
.
2
—1
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8.
4
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.4
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—1
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.2
~117.5
 
a
.
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it
s
ar
e
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s
of
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ke
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ve
l
ch
an
ge
pe
r
mo
nt
h.
1.
0
cm
/m
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th
:
60
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/s
 
 Huron
in De
cembe
r.
Durin
g the
perio
d Ja
nuary
throu
gh Ap
ril,
it is
infer
red
that
trans
port
is pr
edomi
nantl
y tow
ard
Lake
Huron
but
small
compa
red
to ex
chang
es d
uring
stratified periods.
RESIDENCE AND FLUSHING TIMES
The residence time for Georgian Bay was estimatedby dividing the mean depth
(43.7 m) by the output from the bay. Two different values can be derived, depend—
ing on whether net or gross flows are considered through the Main Channel to Lake
Huron and through the channel at Little Current to the North Channel. Similarly,
two flushing times can be calculated.
Based on the net annual output of water at Main Channel and to the North
Channel, and considering evaporative losses, an estimate of the apparent resi-
dence time of 18.8 years is derived. Exclusion of losses due to evaporation
gives an apparent flushing time of 34.2 years. These apparent values are com—
puted without consideration of the increased outflow from Georgian Bay during the
stratified season. The effect of stratified exchange at the Main Channel is
significant and tends to substantially increase the actual outflow of Georgian
Bay water over that indicated by the net outflow values. The result is reduced
residence and flushing times for water in the bay.
Considering total annual outflow through the Main Channel (at depths greater
than 5 m during the period May through November) in addition to the total outflow
to the North Channel and to evaporative losses, the true residence time for water
in Georgian Bay is 6.9 years. Excluding evaporative losses, the true flushing
time is estimated at 8.5 years.
NORTH CHANNEL
North Channel forms the northern extension of Lake Huron. It is bounded by
the Canadian mainland to the north and by Manitoulin, Cockburn, and Drummond
Islands to the south. Water from Lake Superior drains to North Channel through
the St. Marys River. North Channel water is exchanged with Georgian Bay through
the channel formed at Little Current, and with Lake Huron through the channels
formed by the major islands mentioned above.
The paucity of data and lack of current measurements between connecting
channels necessitates consideration of the transport between NorthChannel and
Lake Huron in terms of net exchange determined as a residual from the water
balance. The dominant components of the hydrologic system for North Channel are
the large inflow from the St. Marys River which enters via two channels, and
exchange with Lake Huron via three channels. A compartmentalized simplified
hydrologic model was used to facilitate the balance computation (9).
It was assumed that 68% of the St. Marys River inflow proceeds through the
Neebish Channels and Munuscong area (10), and directly to Lake Huron through
DeTour Passage. The remainder of the St. Marys River inflow, 32%, is assumed
to proceed directly into North Channel. Due to a lack of data, no exchange is
considered between St. Joseph Island and Drummond Island. The exchange at the
channels formed by Drummond, Cockburn, and Manitoulin Islands is considered as
301
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k
e
H
u
r
o
n
.
T
h
e
i
n
f
l
o
w
t
e
r
m
i
s
t
h
e
s
u
m
o
f
t
h
e
f
l
o
w
f
r
o
m
G
e
o
r
g
i
a
n
B
a
y
a
t
L
i
t
t
l
e
C
u
r
r
e
n
t
a
n
d
t
h
e
a
s
s
u
m
e
d
m
o
d
e
l
f
l
o
w
f
r
o
m
t
h
e
S
t
.
M
a
r
y
s
R
i
v
e
r
.
T
h
e
o
u
t
f
l
o
w
i
s
t
h
e
f
l
o
w
t
o
L
a
k
e
H
u
r
o
n
t
h
r
o
u
g
h
t
h
e
c
h
a
n
n
e
l
s
f
o
r
m
e
d
b
y
M
a
n
i
t
o
u
l
i
n
,
C
o
c
k
b
u
r
n
,
a
n
d
D
r
u
m
m
o
n
d
I
s
l
a
n
d
s
.
A
s
w
a
s
t
h
e
c
a
s
e
f
o
r
G
e
o
r
g
i
a
n
B
a
y
,
l
i
m
i
t
e
d
d
a
t
a
a
l
l
o
w
e
d
t
h
e
w
a
t
e
r
b
u
d
g
e
t
t
o
b
e
c
a
l
c
u
l
a
t
e
d
f
o
r
N
o
r
t
h
C
h
a
n
n
e
l
f
o
r
o
n
l
y
1
9
7
4
(
T
a
b
l
e
5
.
1
—
4
)
.
T
h
e
m
e
a
n
f
l
u
s
h
i
n
g
t
i
m
e
f
o
r
w
a
t
e
r
i
n
N
o
r
t
h
C
h
a
n
n
e
l
(
m
e
a
n
d
e
p
t
h
2
2
.
0
2
m
,
m
e
a
n
o
u
t
f
l
o
w
1
0
.
8
2
1
m
/
a
)
i
s
e
s
t
i
m
a
t
e
d
a
t
2
.
0
a.
T
h
e
m
e
a
n
r
e
s
i
d
e
n
c
e
t
i
m
e
(
m
e
a
n
s
u
p
p
l
y
1
1
.
7
3
m
/
a
)
i
s
e
s
t
i
m
a
t
e
d
a
t
1
.
8
a
.
T
h
e
s
e
v
a
l
u
e
s
a
r
e
b
a
s
e
d
o
n
n
e
t
f
l
o
w
s
.
T
h
e
m
e
a
n
i
n
g
t
o
r
e
s
i
d
e
n
c
e
a
n
d
f
l
u
s
h
i
n
g
t
i
m
e
s
f
o
r
t
h
e
N
o
r
t
h
C
h
a
n
n
e
l
i
s
n
o
t
c
l
e
a
r
,
h
o
w
e
v
e
r
,
s
i
n
c
e
t
h
i
s
w
a
t
e
r
b
o
d
y
b
e
h
a
v
e
s
a
s
a
f
l
o
w
—
t
h
r
o
u
g
h
s
y
s
t
e
m
a
n
d
b
e
c
a
u
s
e
e
x
c
h
a
n
g
e
w
i
t
h
t
h
e
m
a
i
n
b
o
d
y
o
f
L
a
k
e
H
u
r
o
n
is
n
o
t
w
e
l
l
u
n
d
e
r
s
t
o
o
d
.
L
A
K
E
H
U
R
O
N
(
M
A
I
N
L
A
K
E
)
I
n
a
m
a
n
n
e
r
a
s
d
e
s
c
r
i
b
e
d
a
b
o
v
e
f
o
r
G
e
o
r
g
i
a
n
B
a
y
a
n
d
f
o
r
w
h
o
l
e
L
a
k
e
H
u
r
o
n
,
i
f
n
e
t
f
l
o
w
s
t
h
r
o
u
g
h
t
h
e
S
t
r
a
i
t
s
o
f
M
a
c
k
i
n
a
c
a
n
d
t
h
e
M
a
i
n
C
h
a
n
n
e
l
a
r
e
c
o
n
s
i
d
e
r
e
d
,
a
p
p
a
r
e
n
t
r
e
s
i
d
e
n
c
e
a
n
d
f
l
u
s
h
i
n
g
t
i
m
e
s
o
f
1
4
.
3
a
n
d
1
6
.
5
y
e
a
r
s
,
r
e
s
p
e
c
t
i
v
e
l
y
,
a
r
e
c
a
l
c
u
l
a
t
e
d
.
S
i
m
i
l
a
r
l
y
,
i
f
g
r
o
s
s
f
l
o
w
s
a
r
e
c
o
n
s
i
d
e
r
e
d
,
t
r
u
e
r
e
s
i
d
e
n
c
e
a
n
d
f
l
u
s
h
-
i
n
g
t
i
m
e
s
o
f
9
.
4
a
n
d
1
3
.
5
y
e
a
r
s
,
r
e
s
p
e
c
t
i
v
e
l
y
,
a
r
e
d
e
r
i
v
e
d
.
-
T
H
E
R
M
A
L
R
E
G
I
M
E
T
h
e
t
h
e
r
m
a
l
r
e
g
i
m
e
a
f
f
e
c
t
s
w
a
t
e
r
q
u
a
l
i
t
y
in
m
u
l
t
i
p
l
e
w
a
y
s
.
C
h
e
m
i
c
a
l
r
e
a
c
—
t
i
o
n
s
,
b
a
c
t
e
r
i
a
l
a
c
t
i
o
n
,
a
n
d
b
i
o
l
o
g
i
c
a
l
p
r
o
c
e
s
s
e
s
a
r
e
t
e
m
p
e
r
a
t
u
r
e
d
e
p
e
n
d
e
n
t
.
C
i
r
c
u
l
a
t
i
o
n
a
n
d
d
i
s
p
e
r
s
i
o
n
o
f
m
a
t
e
r
i
a
l
s
i
n
a
w
a
t
e
r
b
o
d
y
c
a
n
b
e
c
a
u
s
e
d
(
t
h
e
r
m
a
l
d
r
i
v
e
n
c
u
r
r
e
n
t
s
)
,
e
n
h
a
n
c
e
d
(
f
a
l
l
a
n
d
s
p
r
i
n
g
o
v
e
r
t
u
r
n
)
,
or
i
n
h
i
b
i
t
e
d
(
t
h
e
r
m
a
l
b
a
r
s
,
v
e
r
t
i
c
a
l
s
t
r
a
t
i
f
i
c
a
t
i
o
n
)
b
y
t
h
e
t
h
e
r
m
a
l
r
e
g
i
m
e
.
S
u
r
f
a
c
e
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
a
f
f
e
c
t
t
h
e
s
t
a
b
i
l
i
t
y
o
f
t
h
e
l
o
w
e
r
l
a
y
e
r
of
t
h
e
a
t
m
o
s
p
h
e
r
e
,
a
f
f
e
c
t
i
n
g
w
i
n
d
s
t
r
e
n
g
t
h
,
p
r
e
c
i
p
i
t
a
t
i
o
n
,
a
n
d
e
v
a
p
o
r
a
t
i
o
n
w
h
i
c
h
,
i
n
t
ur
n
,
a
f
f
e
c
t
c
i
r
c
u
l
a
t
i
o
n
a
n
d
d
i
s
p
e
r
s
i
o
n
w
i
t
h
i
n
t
h
e
w
a
t
e
r
b
o
d
y
a
s
w
e
l
l
a
s
e
x
c
h
a
n
g
e
o
f
m
a
t
e
r
i
a
l
s
w
i
t
h
t
h
e
a
t
m
o
s
p
h
e
r
e
.
LAKE HURON
T
H
E
A
N
N
U
A
L
T
E
M
P
E
R
A
T
U
R
E
C
Y
C
L
E
L
a
k
e
H
u
r
o
n
e
x
p
e
r
i
e
n
c
e
s
a
c
y
c
l
i
c
a
n
n
u
a
l
v
a
r
i
a
t
i
o
n
i
n
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
of
w
a
t
e
r
t
e
m
p
e
r
t
u
r
e
.
I
n
f
r
e
s
h
w
a
t
e
r
,
t
e
m
p
e
r
a
t
u
r
e
is
t
h
e
m
a
i
n
d
e
t
e
r
m
i
n
a
n
t
of
w
a
t
e
r
d
e
n
s
i
t
y.
T
h
e
d
e
n
s
i
t
y
of
f
r
e
s
h
w
a
t
e
r
is
a
m
a
x
i
m
u
m
at
ab
ou
t
4°
C.
D
u
r
i
n
g
th
e
s
p
r
i
n
g
an
d
fa
ll
,
c
o
n
d
i
t
i
o
n
s
of
h
o
m
o
g
e
n
e
o
u
s
l
a
k
e
wa
t
e
r
of
m
a
x
i
m
u
m
d
e
n
s
i
t
y
a
r
e
a
c
h
i
e
ve
d
.
In
a
t
t
a
i
n
i
n
g
th
e
h
o
m
o
g
e
n
e
o
u
s
st
at
e,
v
e
r
t
i
c
a
l
m
i
x
i
n
g
of
th
e
w
a
t
e
r
m
a
s
s
du
e
to
co
nv
ec
ti
ve
cu
rr
en
ts
is
a
do
mi
na
nt
pr
oc
es
s
so
th
at
th
es
e
in
te
rv
al
s
ar
e
co
mm
on
ly
ca
ll
ed
th
e
sp
ri
ng
an
d
fa
ll
ov
er
tu
rn
s,
re
sp
ec
ti
ve
ly
.
Th
e
an
nu
al
cy
cl
e
ca
n
be
de
sc
ri
be
d
by
ex
am
in
in
g
th
e
se
qu
en
ce
of
ev
en
ts
wh
ic
h
fo
ll
ow
th
e
sp
ri
ng
overturn.
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 TABLE
5.1-4.
NORTH
CHANNEL
WATER
BUDGET
(19714)a
 
AVERAGE MONTHLY
CHANGE IN LAKE LEVEL
IN CENTIMETRES
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Total
for
Year
3
0
3
Land
Drainage
Direct
Precipitation
Flow
from
Georgian
Bay
22.9
23.4
44.7
91.6
78.0
44.9
25.2
18.0
15.8
20.2
38.4
31.8
454
7.8
3.5
2.7
5.9
5.7
7.7
6.5
6.3
9.1
8.2
4.9
5.0
7
3
22.2
29.1
24.7
-
16.9
15.5
17.2
-
5.0
-
7.8
—
10.2
1.8
8.3
7
8
Total
146.3
129.7
144.4
139.6
140.2
158.1
145.4
145.0
140.6
156.6
186.3 1770
St.
Marys
River
68%
to
Main
Lake Huron
A
i
d
d
ﬂ
S
99.5
88.2
98.2
94.9
95.3
107.5
98.9
98.6
94.2
95.6
106.5
126.7
1204
32% to
North
Channel
 
46.8
41.5
46.2
44.7
44.9
50.6
46.5
46.4
44.3
45.0
50.1
59.6
566
Total
199.2
185.7
216.5
220.2
239.4
227.9
172.1
161.5
153.2
170.8
208.2
222.4
2377
Evaporation
Total
S
8
0
1
9.8
8.3
5.3
—
0.6
-
0.3
—
0.1
5.2
8.9
15.5
15.8
14.7 12.7
95
9.8
8.3
5.3
~
0.6
-
0.3
-
0.1
5.2
8.9
15.5
15.8
14.7
12.7
95
Change
of
Lake
Level
-
0.1
—
2.3
—
1.0
+ 19.1
+ 11,4
+ 10.2
-
4.4
—
7.7
— 16.2
—
7.0
—
7.3
 
Net
-189.5
—179.7
—212.2
—201.7
—228.3
-217.8
-171.3
-160.3
—153.9
—162.0
-200.8
—208.7
-2286
clb
U
O
J
n
H
-
99.5
-
88.2
- 98.2
-
94.9
-
95.3
-107.5
- 98.9
- 98.6
— 94.2
- 95.6
-106.5
-126.7
—1204
3
8
9
1
q
u
M
a
ﬁ
u
e
q
a
x
a
b
C(2+3)
  
—
90.0
—
91.5
—114.0
-106.8
—133.0
-110.3
-
72.4
—
61.7
-
59.7
-
66.4
-
94.3
 
     
 
 
  
 
—
82.0
 
-1082
a.
Units
are
in
centinetres
of
lake
level
change
per
month.
1.0
cm/month
=
15.29
m3/s.
b.
C1
is
exchange
between
the
North
Channel
and
the main
body
of
Lake
Huron
through
the
channel
between
Drummond
Island
and
the mainland
and
is
basically
that
portion
(68%
of
the
St.
Marys
River
flow)
which
is
estimated
not
to
enter
the
North
Channel.
C<2+3)
is
exchange
through
False
Detour
Channel
and
Mississagi
Strait.
 
 As
th
e
da
ys
le
ng
th
en
an
d
th
e
at
mo
sp
he
re
wa
rm
s
in
sp
ri
ng
,
th
e
su
rf
ac
e
wa
te
r
is
he
at
ed
ma
in
ly
by
so
la
r
ra
di
at
io
n
an
d,
to
le
ss
er
ex
te
nt
,
by
co
nd
uc
ti
on
of
he
at
fr
om
th
e
ai
r,
he
nc
e
be
co
mi
ng
le
ss
de
ns
e.
It
fl
oa
ts
as
a
su
rf
ac
e
la
ye
r
an
d
is
mi
xe
d
wi
th
th
e
up
pe
r
pa
rt
s
of
th
e
de
ns
er
,
is
ot
he
rm
al
wa
te
r
be
lo
w
by
th
e
cu
rr
en
ts
an
d
wa
ve
s
ge
ne
ra
te
d
by
th
e
st
re
ss
of
th
e
wi
nd
on
th
e
wa
te
r
su
rf
ac
e.
Th
e
wa
rm
in
g
an
d
mi
xi
ng
pr
oc
es
se
s
co
nt
in
ue
th
ro
ug
h
th
e
su
mm
er
mo
nt
hs
an
d
th
e
th
ic
kn
es
s
of
th
e
su
rf
ac
e
la
ye
r
in
cr
ea
se
s.
Th
e
de
ns
it
y
di
st
ri
bu
ti
on
in
th
e
la
ke
is
st
ab
le
,
wi
th
wa
rm
,
le
ss
de
ns
e
wa
te
r
st
ra
ti
fi
ed
ab
ov
e
co
ld
,
de
ns
er
wa
te
r.
Th
is
st
ab
le
st
ra
ti
—
fi
ca
ti
on
re
ta
rd
s
mi
xi
ng
du
e
to
wi
nd
—g
en
er
at
ed
wa
ve
s
an
d
cu
rr
en
ts
,
so
th
at
th
e
in
cr
ea
si
ng
de
pt
h
of
th
e
up
pe
r
la
ye
r
re
du
ce
s
th
e
ef
fe
ct
iv
en
es
s
of
th
e
wi
nd
in
mi
xi
ng
th
e
up
pe
r
an
d
lo
we
r
la
ye
r
wa
te
rs
.
Th
e
ty
pi
ca
l
su
mm
er
pa
tt
er
n
sh
ow
s
a
we
ll
—m
ix
ed
an
d
al
mo
st
is
ot
he
rm
al
su
rf
ac
e
la
ye
r
of
wa
rm
wa
te
r
(t
he
ep
il
im
ni
on
)
fl
oa
ti
ng
ab
ov
e
an
al
mo
st
ho
mo
ge
ne
ou
s
ma
ss
of
co
ld
wa
te
r
(t
he
hy
po
li
mn
io
n)
.
Se
pa
ra
ti
ng
th
e
tw
o
wa
te
r
ma
ss
es
is
th
e
th
er
mo
cl
in
e,
a
re
la
ti
ve
ly
th
in
la
ye
r
of
wa
te
r
wi
th
in
te
ns
e
ve
rt
ic
al
te
mp
er
at
ur
e
gr
ad
ie
nt
s.
Th
e
av
er
ag
e
te
mp
er
at
ur
e
fo
r
th
e
wa
te
r
of
th
e
su
mm
er
ep
il
im
ni
on
is
ty
pi
ca
ll
y
10
to
15
Co
wa
rm
er
th
en
th
e
wa
te
r
of
th
e
hy
po
li
mn
io
n.
Th
e
ma
xi
mu
m
de
ns
it
y
di
f—
fe
re
nc
e
be
tw
ee
n
th
e
tw
o
la
ye
rs
is
th
en
ab
ou
t
0.
2%
.
Th
e
th
ic
kn
es
s
of
th
e
ep
il
im
-
ni
on
is
re
la
te
d
to
th
e
in
te
ns
it
y
of
th
e
wi
nd
—g
en
er
at
ed
mi
xi
ng
fo
rc
es
.
Th
is
la
ye
r
is
ty
pi
ca
ll
y
20
to
30
m
th
ic
k
du
ri
ng
it
s
pe
ak
de
ve
lo
pm
en
t
in
la
te
su
mm
er
in
La
ke
Huron.
Th
e
su
mm
er
st
ra
ti
fi
ca
ti
on
br
ea
ks
do
wn
in
fa
ll
as
th
e
da
ys
sh
or
te
n
an
d
th
e
at
mo
sp
he
re
co
ol
s.
Su
rf
ac
e
wa
te
r
is
co
ol
ed
ma
in
ly
by
co
nd
uc
ti
on
of
se
ns
ib
le
he
at
to
th
e
at
mo
sp
he
re
an
d
th
ro
ug
h
ev
ap
or
at
iv
e
he
at
lo
ss
.
Th
e
co
ol
ed
su
rf
ac
e
wa
te
r
is
de
ns
er
th
an
th
e
un
de
rl
yi
ng
wa
te
r
of
th
e
ep
il
im
ni
on
an
d
si
nk
s
to
wa
rd
th
e
th
er
-
mo
cl
in
e.
Ve
rt
ic
al
mi
xi
ng
an
d
co
ol
in
g
of
th
e
ep
il
im
ni
on
by
th
es
e
co
nv
ec
ti
ve
cu
rr
en
ts
co
nt
in
ue
s
un
ti
l
it
s
de
ns
it
y
es
se
nt
ia
ll
y
ma
tc
he
s
th
e
de
ns
it
y
of
th
e
hy
po
li
mn
io
n.
Si
nc
e
so
me
sm
al
l
qu
an
ti
ty
of
he
at
ma
y
be
tr
an
sf
er
re
d
ac
ro
ss
th
e
th
er
mo
cl
in
e
du
ri
ng
th
e
su
mm
er
se
as
on
of
st
ra
ti
fi
ca
ti
on
,
th
is
ho
mo
ge
ne
ou
s
st
at
e
is
of
te
n
ac
hi
ev
ed
at
a
te
mp
er
at
ur
e
a
li
tt
le
wa
rm
er
th
en
th
e
4°
C
te
mp
er
at
ur
e
of
ma
xi
mu
m
wa
te
r
de
ns
it
y.
Fu
rt
he
r
co
ol
in
g
of
th
e
su
rf
ac
e
wa
te
r
se
ts
ve
rt
ic
al
co
nv
ec
ti
ve
cu
rr
en
ts
in
mo
ti
on
in
vo
lv
in
g
th
e
en
ti
re
wa
te
r
ma
ss
of
th
e
la
ke
(f
al
l
ov
er
tu
rn
).
Th
e
co
ol
in
g
pr
oc
es
s
co
nt
in
ue
s
un
ti
l
a
ho
mo
ge
ne
ou
s
la
ke
of
ma
xi
mu
m
wa
te
r
de
ns
it
y
is
at
ta
in
ed
.
Wi
nd
-s
ti
rr
in
g
of
th
e
la
ke
wa
te
r
is
en
ha
nc
ed
du
ri
ng
isothermal conditions.
Co
nt
in
ue
d
co
ol
in
g
of
th
e
wa
te
r
su
rf
ac
e
in
th
e
wi
nt
er
re
su
lt
s
in
th
e
po
ss
ib
le
de
ve
lo
pm
en
t
of
a
re
ve
rs
e
th
er
mo
cl
in
e
an
d
th
e
fo
rm
at
io
n
of
ice
.
As
th
e
su
rf
ac
e
wa
te
r
co
ol
s
be
lo
w
4°
C,
it
s
de
ns
it
y
de
cr
ea
se
s
an
d
it
fl
oa
ts
as
a
su
rf
ac
e
la
ye
r
as
di
d
th
e
wa
rm
wa
te
r
in
su
mm
er
.
Th
e
st
ra
ti
fi
ca
ti
on
of
co
ld
,
le
ss
de
ns
e
wa
te
r
ab
ov
e
wa
rm
,
de
ns
er
wa
te
r
ha
s
no
t
be
en
we
ll
do
cu
me
nt
ed
in
th
e
Gr
ea
t
La
ke
s.
Si
nc
e
fr
es
h
wa
te
r
fr
ee
ze
s
at
0°
C,
th
e
de
ns
it
y
di
ff
er
en
ce
be
tw
ee
n
su
rf
ac
e
an
d
de
ep
wa
te
r
is
mu
ch
le
ss
th
an
oc
cu
rs
in
su
mm
er
,
an
d
th
e
wi
nd
-s
ti
rr
in
g
pr
oc
es
se
s
re
ma
in
mu
ch
mo
re
ef
fe
ct
iv
e
du
ri
ng
wi
nt
er
.
Th
us
,
it
is
ob
se
rv
ed
th
at
th
e
en
ti
re
wa
te
r
ma
ss
is
co
ol
ed
so
me
wh
at
be
lo
w
th
e
te
mp
er
at
ur
e
of
ma
xi
mu
m
de
ns
it
y
du
ri
ng
wi
nt
er
.
Su
rf
ac
e
ice
for
mat
ion
inh
ibi
ts
ver
tic
al
mix
ing
by
blo
cki
ng
out
win
d s
tre
sse
s.
How
eve
r,
a
lar
ge
per
cen
tag
e o
f t
he
sur
fac
e a
rea
of
Lak
e H
uro
n r
ema
ins
ess
ent
ial
ly
ice
—fr
ee
duri
ng a
norm
al w
inte
r,
so t
hat
well
—mix
ed
isot
herm
al w
ater
cold
er t
han
the
temperature of maximum density is certain to be more common than vertically
stratified water.
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 In
the
spring,
warming
of
the
surface
water
toward
the
temperature
of
maximum density initiates vertical convective currents and mixing of the entire
water mass
(spring
overturn).
The
convective
processes
continue
until
an
iso—
thermal
lake of
maximum water
density
is
achieved.
Continued
warming
of
the
surface water
coupled
with
wind—stirring may
increase
the
temperature
of
the
entire water
mass
slightly
above
the
temperature of
maximum
density
before
a
permanent
thermocline develops.
This
completes
the annual
cycle.
A closer look at
the development of stratification shows that the heating of
surface water
in
spring
is not
uniformly
distributed across
the
surface
of
the
Great Lakes
(11).
Instead,
warm
water
forms
initially
in
the
shallow depths
along
the lake
shores
and
spreads
gradually
toward
the
deeper
parts
of
the
lakes.
The
boundary
between
warm,
less
dense
inshore
water
and
cold,
still
isothermal
lake
water is marked by intense horizontal
temperature gradients called thermal bars.
Deepening and lakeward growth of the shore—bound warm water
is found to be asso—
ciated with the development of a thermocline behind
the advancing warm front.
A
similar process occurs in fall, with water in the shallow, coastal zone cooling
more rapidly than water in the deep,
central parts of the lake.
The formation of
ice in shallow coastal waters,
even though the central portions of the lakes may
remain ice free, gives evidence of this phenomenon.
The thermal bar serves to
inhibit the mixing of nearshore and offshore water masses.
Materials entering
these nearshore areas are confined by the thermal bar and a temporary buildup of
this material takes place leading to temporary nearshore water quality degrada—
tion.
THE OBSERVED TEMPERATURE STRUCTURE
The observed annual cycle of Lake Huron mean surface water temperature and
of the mean temperature of the lake's entire water mass is shown in Figure
5.1—1.
The temperatures are area— and volume—weighted means,
respectively,
of measure—
ments taken by the Canada Centre for Inland Waters
(CCIW) during monitor cruises
in 1969, 1970, and 1971.
Surface water temperature lags the annual cycle of air
temperature variation by about a month, while the mean lake temperature, which
represents heat energy storage, lags the surface temperature.
Surface tempera-
ture maxima are typically reached in mid to late August while the mean lake
temperature peaks
in late September or early October.
A surface temperature distribution observed during the period of early
summer heating is shown in Figures 5.1—2 and 5.1—3.
In the latter half of April,
the main lake basin had been essentially isothermal at a mean temperature just
slightly above 1°C although some warming was observed in the shallows of Saginaw
Bay.
During the latter half of May (Figures 5.1-2 and 5.1—3)
formation of the
thermal bar by heating of the shallow coastal waters is quite evident; the heated
water is tightly compressed along the coasts of the lake and the isotherms are
nearly vertical.
The warm water along the lake coasts gradually progresses into
the deeper waters of Lake Huron as summer stratification and epilimnion formation
occurs.
By the latter part of July, the lake is vertically stratified; the
isotherms are nearly horizontal (Figures 5.1-4 and 5.1-5). All isotherms exhibit
similar characteristics, being deeper near the lake coasts and shallower near the
centre of the lake. This feature is not unique to Lake Huron but appears to be
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 characteristic of the development of summer stratification in all of the Great
Lakes. A similar pattern of water density distribution is observed in fall and
is assooiated with winter cooling, as water colder than 40C develops first in the
shallows of the lake near the coasts and progresses lakeward slowly throughout
the course of the winter months.
HEAT CONTENT AND HEATING RATES
The heat content of Lake Huron as observed by CCIW in 1971 is shown in
Figure 5.1—6. The annual cycle of heat storage and loss is directly proportional
to the annual cycle of mean water temperature in the lake. The mean temperature,
and thus the heat storage, lags the annual cyclical variation of both air and
surface water temperatures. It is this lag in heat storage, coupled with the
large quantities of stored heat and the buffering of temperature variations in
winte
r by
the f
reezi
ng a
nd t
hawin
g of
ice,
which
cause
s mod
erati
on of
the
cycli
—
cal
air
temp
erat
ure
vari
atio
ns
over
the
wate
r an
d th
e su
rrou
ndin
g la
nd m
asse
s.
The
rate
of S
umme
r he
atin
g d
epen
ds p
rima
rily
on t
he i
nten
sity
and
quan
tity
of
inco
ming
sola
r ra
diat
ion
and
ther
efor
e do
es n
ot v
ary
much
from
year
to y
ear.
Maxi
mum
heat
ing
of a
bout
6 C0
per
mont
h oc
curs
betw
een
Maya
nd J
uly.
Maxi
mum
rate
s of
cool
ing
of a
bout
4 CO
per
mont
h ar
e ob
serv
ed
in N
ovem
ber
and
Dece
mber
an(
are
due
pri
mar
ily
to
los
ses
by
eva
por
ati
on
and
hea
t c
ond
uct
ion
.
Heat
gain
or l
oss
is s
tron
gly
dept
h de
pend
ent
as s
hown
in F
igur
e 5.
1—7
whic
h
summ
ariz
es t
he c
hang
e in
heat
cont
ent
per
unit
volu
me o
f th
e wa
ter
mass
betw
een
vari
ous
dept
h co
ntou
rs o
f th
e la
ke.
Full
y 50
% of
the
heat
flux
is a
bsor
bed
in
area
s of
the
lake
shal
lowe
r t
han
30 m
. T
he v
olum
e of
lake
wate
r co
ntai
ned
with
in
this
dept
h co
ntou
r ma
kes
up o
nly
12%
of t
he l
ake'
s to
tal
volu
me.
Heat
loss
in
fall and winter shows similar depth dependence.
GEORGIAN BAY
THE ANNUAL TEMPERATURE CYCLE
The
annu
al t
empe
ratu
re c
ycle
for
Geor
gian
Bay
is d
epic
ted
in F
igur
e 5
.1-8
.
The
curv
e fo
r su
rfac
e te
mper
atur
e wa
s dr
awn
thro
ugh
the
mean
mont
hly
data
give
n
by W
ebb
(13)
; t
he e
ncir
cled
poin
ts l
ying
near
that
curv
e ar
e th
e ar
ea—w
eigh
ted
mean
s of
the
surf
ace
temp
erat
ures
obse
rved
by C
CIW
duri
ng
1974
(14)
.
Beca
use
ther
e ar
e no
wint
er d
ata,
isot
herm
s we
re e
stim
ated
for
Janu
ary,
Febu
rary
, a
nd
March
. T
he s
pring
conve
ctive
perio
d sta
rts b
y mid
—Apri
l, a
nd c
omple
te ve
rtica
l
mixi
ng c
onti
nues
unti
l mi
d—Ju
ne.
Lake
wide
stra
tifi
cati
on b
egin
s by
the
end
of
June
.
The
ther
mocl
ine
is a
bout
10 m
deep
at t
hat
time
. W
hile
cont
inui
ng t
o
warm
to m
axim
um t
empe
ratu
re
in e
arly
Augu
st,
the
ther
mocl
ine
dept
h is
appr
oxi—
mately constant. Thereafter, with enhanced heat loss to the atmosphere and
downward flux due to vertical mixing, the epilimnion cools and the thermocline
descends at an increasing rate, attaining 100 m by the end of November.
OBSERVED TEMPERATURE CYCLE
The area weighted mean temperatures of the upper ten metres observed in 1974
are listed in Table 5.1-5 for the whole of Georgian Bay and for each of the ten
segments designed for regional description of the bay. These data show the
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influence of water depth. For example, segment 18 is the shallowest; corre—
spondingly, it is warmest in spring and coldest in late fall. Segment 12 is the
deepest and, hence, the coldest in spring. (The Segments are depicted in Figure
5.3—4.)
Comparison of the segment mean temperature values for late May and late June
indicates evidence of a counter—clockwise movement of water on the periphery of
Georgian Bay. During the one—month interval, the highest temperature shifted
westward from Segment 18 to Segment 3, while the lowest temperature shifted
southward from Segment 12 to Segment 13. Such movements infer a mean current of
about 1 to 2 cm/s. Surface currents of this order are expected during the late
spring or early summer when nearshore stratification is well advanced.
The temperature structure from late July through early October changes
markedly from that existing in late June. During this time, Georgian Bay is
stratified sufficiently so that the epilimnion responds as a single unit to
applied wind stresses. Because of the prevailing westerly winds, semi-permanent
upwelling occurs in the northwest (Segment 10), while the warmest surface water
accumulates in the southeast (Segment 15). The onset of the summer upwelling in
1974 occurred in early July.
Since Main Channel is located at the northwest part of Georgian Bay, the
same physical process causing the summer upwelling must also be responsible for
the water exchange phenomenon discussed earlier.
HEAT CONTENT AND HEATING RATES
Figure 5.1—8 shows that the minimum surface temperature of 00C persists for
about one month, beginning in late February. Maximum surface temperature occurs
in early August, and normally is at least 1900. The surface waters warm rapidly
after the cessation of spring overturn in early June, warming at a maximum rate
of 10 CO per month in late June and early July. This contrasts with a maximum
rate of cooling of 5 CO per month which occurs during October.
Heat content (Figure 5.1—9) is maximal near September 1, about three weeks
after the maximum surface temperature is attained. The difference between the
maximum and minimum mean temperatures, 10 CO, multiplied by the mean depth of 43.7
m gives 43,700 cal/cm2 as the annual heat income for Georgian Bay. This estimate
excludes heat of fusion for winter ice formation. Webb (13) shows that maximum
ice cover generally exceeds 90%, but ice thickness measurements are lacking.
There are no data from which mean lake temperature (heat content) can be
calculated for the winter season extending from mid—December through mid—April.
Heat content for that time period was estimated. Minimum heat content was
assumed to occur in mid—March, at the end of the usual period of maximum ice
cover (13).
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 stations recording profiles of water temperature are not usually available and no
accurate dataset of this nature exists for Lake Huron. The data of numerous
limnological cruises covering the main lake basin over a period of 6—10 days each
(Figures 5.1—2 through 5.1—5 are examples) are available, however, and these data
show persistent annual cycles in the distribution of water density.
OBSERVED CIRCULATION
The earliest attempt to describe the circulation of Lake Huron was made by
Harrington (17). Drift bottles were released from lake vessels at various
locations in the lake during the summers of 1892—1894 and surface currents were
determined from compilations of release and recovery points. Results of the
studies revealed a prevailing counterclockwise pattern of current flow as shown
in Figure 5.1-11. Persistent southward flow along the entire length of the
lake's west coast was observed with return flow northward along the Canadian
shore. Also noted was a splitting off of a part of the southward flow along the
Michigan coast in the vicinity of Alpena in a pattern of southeastward drift
along the topographic ridge separating the northeast and southwest basins of the
main lake, and the flow of surface water into Georgian Bay. Ayers et al. (16)
also released drift bottles in the lake to compare with current flows derived
from dynamic heightcomputations.
In 1966, the Federal Water Pollution Control Administration (FWPCA) con—
ducted an extensive current meter survey in Lake Huron to measure circulation
patterns. Forty current meter moorings were placed in the lake for varying
intervals of time during April through September. Each mooring had a series of
current meters and water temperaturerecorders placed at depths of 10, 15, 22,
and 30 m. In water deeper than 30 m, some of the moorings had additional instru-
ments at deeper levels. Because of numerous instrumentation problems, many of
the deployed current meters and temperature recorders did not produce usable
records. The temperature recorders were particularly troublesome and the data
collected have not been interpreted. Usable current recordings were analyzed by
Sloss and Saylor (18).
Figures 5.1—12 and 5.1—13 show typical currentpatterns observed during the
summer of 1966. Figure 5.1-12 shows the measured currents at 10 and 30 m during
the latter half of June, and Figure 5.1—13 shows the measured currents at the
same depths during the latter half of August. The 1966 observations revealed
several interesting characteristics of Lake Huron circulation. Starting from
very low average current speeds in May of a few cm/s, the intensity of circu—
lation steadily increased throughout the course of the summer months into September.
This feature is very similar to the steady increase in kinetic energy duringMay
through November reported from 1972 current studies in Lake Ontario by Bennett
and Saylor (19). A general counterclockwise circulation of the lake is observed,
with persistent southward flow along the Michigan coast and a northward flowing
current along the Ontario coast. The strongest current flows are observed in
narrow coastal strips extending on the order of 20 km offshore. It is in these
coastal zones where the clearest evidence of the counterclockwise circulations
exists. The most dominant region of counterclockwise flow persistence occurs in
the northern two thirds of the lake, surrounding the deep basin lying northeast
321
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of the topographic ridge, trending southeastward from Thunder Bay to Clark Point.
Flow in the shallower, southern third of the lake exhibits higher variability,
although long term means retain the counterclockwise trend. A flow of surface
water into Georgian Bay during summer occurs as noted much earlier by Harrington
(17).
At the north end of the lake, an area of shoal water protrudes southward for
a distance of about 30 km from near the western end of Manitoulin Island. Current
meters moored on a cross—section of the lake from Presque Isle to Mississagi
Strait consistently indicated northward directed flow across the lake toward the
Strait. This northward flow was very persistent at the two northernmost current
meter moorings and establishes a western boundary for the counterclockwise cell
in the northeastern part of the lake. The counterclockwise flow of this cell is
apparently deflected southwestward along the eastern side of the shoal to rejoin
the prevailing southward flow along the Michigan coast and close the western side
of eddy circulation. A pattern of the prevailing summer epilimnion circulation
derived from the 1966 observations and from the evidence of circulations derived
from the lake's density structure observed in other years is shown in Figure
5.1—14. There are many similarities to the pattern presented by Harrington. Major
differences include the scale of counterclockwise flow about the northeastern
basin and enlargement of the counterclockwise flow pattern in the northwestern
corner of the lake. The flow patterns of the epilimnion exhibit a close relation
with the distribution of water temperature (or density) as shown in Figures 5.1—2
through 5.1—5. Unfortunately, the 1966 current data are not of sufficient
intensity to determine the movements of water below 30 m, that is, in the hypo—
limnion.
Several current meter moorings were placed in Lake Huron close to the
Michigan coast during the winter of 1965—1966 by FWPCA. However, the data
obtained were sparse and insufficient to give indication of lake circulation.
Recognizing this limitation, CCIW, the U.S. Environmental Protection Agency, and
the Great Lakes Environmental Research Laboratory of the National Oceanic and
Atmospheric Administration participated in a cooperative program to measure the
winter current flows in Lake Huron. The winter months are characterized by an
almost isothermal water mass, with very slight horizontal temperature gradients.
The current patterns in any of the Great Lakes during winterwere an unknown 1
quantity, and this program represented the first large scale effort to determine 1
them.
Current meters were deployed at 21 stations in Lake Huron during November
1974 and recovered in May 1975. The meters were placed at uniform depths of 15,
25, and 50 m, and at 2 m above the bottom, depth permitting, at each station. The
current meters also recorded in situ water temperature. Water transport direc—
tions observed in the upper 25 m of the water column during the months of December
and March, and during the entire winter season are shown in Figures 5.1—15,
5.1—16, and 5.1—17, respectively. Southward directed flow along the Michigan
coast is remarkably persistent and strong. Current speeds at both the 15 and 25
m levels are almost equal in magnitude and average 8 to 10 cm/s throughout the
winter months. Thus, the intensity of flow which was seen to increase during the
summer observations, and which probably still increases into November as Lake
Ontario has demonstrated, remains at a nearly constant high level during winter,
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FIGURE 5.1-15
CURRENT ROSES SHOWING THE DISTRIBUTION OF WATER
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wind is blowing, while currents are in the direction toward
which the current flows.
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flow between the Duck Islands and the Straits of Mackinac. The topographic ridge
between lake basins in the area bounded by 44000' and 44°30' north latitude
represents the third area of persistent water exchange across the international
boundary. This flow is dominantly southeastward in summer. Winter studies
indicate a more complex exchange pattern, but the measurements indicate pre—
vailing east and west transport at this latitude. Strong southwest wind trans—
ports water eastward across the lake from Saginaw Bay toward Kincardine. With
moderate winds or with other prevailing directions during intervals of high wind
stress, the flow of Saginaw Bay water into the lake appears to be transported
southward along the lake's west coast.
OBSERVED CIRCULATION
GEORGIAN BAY
The circulation of Georgian Bay was studied by CCIW in 1974 (20).
Four
current meter moorings were situated around the nearshore waters of Georgian Bay.
An additional six moorings were located across the Main Channel. Meteorological
buoys were located in southeastern Georgian Bay and off of Cove Island in the
Main Channel (Figure 5.1—18). The study lasted from mid—May to mid—November.
The net summer surface circulation observed in 1974 is depicted in Figure
5.1—19. The net circulation in the bay is in a counterclockwise direction, as
expected in northern hemisphere lakes (21). The upwelling area observed off
Manitoulin Island is the response of the stratified bay to the prevailing west—
erly winds. ‘
Perturbations to the net circulation are frequent. In fact, the counter-
clockwise pattern only occurs slightly over half of the time. Table 5.1—6
summarizes the current observations for the four moorings in Georgian Bay.
As already discussed in the Water Budget section, the flow through the Main
Channel is very complex. Because of this complexity, as well as the profound
effect on the residence time of the bay, a more detailed discussion is warranted.
FLOWS THROUGH MAIN CHANNEL
The currents at Main Channel at depths of 10 m or more are generally directed
either into or out of Georgian Bay. The recordings of currents at the six moor-
ings in Main Channel were examined in order to determine preferred flow direc—
tions and net flow either into or Out of the bay. The resultant flows are shown
in Figure 5.1—20. The figure clearly shows the nature of the water exchange at
Main Channel. The net flow at Main Channel conforms to the general counter—
clockwise flow in Georgian Bay; thus net flow at depths of 15 m and less is
directed into Georgian Bay over the southern part of Main Channel (moorings 8, 9,
and 10), and out of the bay over the northern part (moorings 6 and 7). The net
flow at mooring 5 in Owen Channel (between Manitoulin Island and Fitzwilliam
Island) is the exception. Mooring 5 was located just east of a shallow (3 to 4
m deep) sill, appropriately named The Ridge, which connects Manitoulin Island
and Fitzwilliam Island. Flow over the sill apparently was more sensitive to the
westerly winds than to the general circulation of Georgian Bay.
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 Georgian Bay) and was much weaker in November (when the thermocline had descended
to about 60 m, about double the channel depth at Main Channel). Thus, a pre—
requisite for the relationship at Little Current appears to be the existence of
suitable stratification in Georgian Bay to allow outflow of hypolimnetic water
through Main Channel.
TRANSBOUNDARY WATER MOVEMENT
Water flowing out of North Channel to Lake Huron through the three channels
formed by Manitoulin, Cockburn, and Drummond Islands and the mainland combines
with the circulation in Lake Huron and likely crosses the international boundary
(Figure 5.1—11). The 1976 exchange study (15) should provide further insight into
this mechanism.
INTERLAKE WATER EXCHANGE
Lake Huron receives the outflow from Lake Superior through the St. Marys
River and the outflow from Lake Michigan through the Straits of Mackinac. Water
is discharged from Lake Huron to the Lower Lakes through the St. Clair River,
Lake St. Clair, and Detroit River system southward to Lake Erie. The outflow
from Lake Superior is regulated. For the years 1900 through 1973, the inflow to
Lake Huron from Lake Superior averaged 2,120 m3/s, while outflow from Lake Huron
through the St. Clair River averaged 5,055 m /s (22). The difference between
these two rates of flow gives an average contribution of the combined Lake
Michigan—Lake Huron watershed to St. Clair River outflow of 2,935 m3/s.
Water from Lake Superior flows to North Channel through the St. Marys
River. North Channel water is exchanged in Georgian Bay through the channel
existing at Little Current, and with Lake Huron through three major channels.
The distribution of flow in the channels between North Channel and Lake Huron is
not well understood. Using the limited data available, as discussed in the Water
Budget section, it has been assumed that 68% of the St. Marys River flow enters
Lake Huron through DeTour Passage and that the remainder flows to North Channel
to exchange with Lake Huron through False Detour Channel and Mississagi Strait
and with Georgian Bay through the channel at Little Current.
The outflow of Lake Huron is not regulated and the flow of the St. Clair
River varies seasonally withlake surface stage (Table 5.1-2) and also depends on
the difference in level between Lake Huron and Lake St. Clair. In addition to
annual and longer period variations, shorter period fluctuations in flow are
caused by perturbations of Lake Huron water levels resulting from wind tides,
surges, and seiches. These variations are not significant in long-term averages
of flow rates but can cause appreciable day-to—day differences in river dis—
charge.
At the north end of Lake Huron, the exchange of water with Lake Michigan
through the Straits of Mackinac is complex. Saylor and Sloss (23) reported
Observations of net water volume transport through the Straits of 1920 m3/s
directed toward Lake Huron during the summer and fall of 1973. Flow through the
Straits exhibits a seasonal pattern of variation with depth and large day—to—day
fluctuation. Currents were measured across the narrowest constriction of the
337
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 coefficients.
Biologists
have
commonly
used
a
parameter
known
as
the
potential
photic
depth,
defined
as
the
depth
at
which
the
radiation
intensity
has
decreased
to
1%
of
its
surface
value
(25).
This
depth
is
simply
a
function
of
the
vertical
extinction
coefficients,
and
the
water
column
above
this
level
is
referred
to
as
the photic zone.
A
broad
spectrum
of
radiation
from
the
sun
and
sky
is
incident
on
the
water
surface,
but
only
light
in
the
visible
range
of
the
spectrum
penetrates
to
any
significant
depth
in
the
water
column.
The
wavelengths
in
this
range
are
about
360
to
7
6
0
nm.
P
ur
e
w
a
t
e
r
is
m
o
s
t
t
r
a
n
s
p
a
r
e
n
t
for
w
a
v
e
l
e
n
g
t
h
s
of
430
to
580
nm,
the
blue
and
green
portions
of
visible
light.
This
spectral
window
of
pure
water
transparency
is
also
observed
in
the
Lake
Huron
water
mass,
though
the
spectral
band
of
maximum
transparency
does
vary
from
one
Great
Lake
to
another
as
demon-
strated
by
Beeton
(26).
The
infrared
portion
of
the
incident
radiation
is
absorbed
very
rapidly
within
the
top
few
metres
below
the
surface
layer.
Yellow,
orange,
and
red
wavelengths,
i.e.
the
wavelengths
from
580
to
760
nm
are
attenu-
ated
much
more
rapidly
in
pure
water
than
the
blue
and
green
wavelengths
(430
to
580
nm).
Because
of
differences
in
the
Substances
dissolved
or
suspended
in
various
water
masses,
the
wavelengths
at
which
each
water
mass
is
most
trans-
parent
does
vary
considerably,
the
differences
being
noticeable
even
between
Shallow
bays
and
coastal
waters
in
Lake
Huron
as
compared
with
mid—lake
regions.
In
general,
this
variation
is
such
that
blue
light
penetrates
most
in
clear
water,
green
light
penetrates
most
in
turbid
water,
while
red
light
is
attenuated
in
the
first
5
to
15
m
of
the
water
column.
The
availability
of
photosynthetic
light
within
the
water
column
for
pur—
poses
of
primary
production
is
of
importance
to
biologists.
Photosynthetically
active
radiation
is
generally
regarded
as
being
the
radiation
within
the
spectral
interval
of
390
to
710
nm.
This
spectral
interval
represents
about
44
to
53%
of
the
total
incoming
solar
radiation,
varying
with
the
amount
of
cloudiness
(27).
It
is
generally
thought
that
because
of
the
wide
diversity
of
species
and
their
ability
to
adapt,
all
of
the
wavelengths
between
390
and
710
nm.are
utilized
by
phytoplankton
for
photosynthetic
processes.
However,
there
are
varying
degrees
of
efficiency
for
utilizing
light
of
differing
wavelengths.
Relative
absorption
spectra
for
chlorophylls
a
and
b
as
presented
by
Seliger
and
McElroy
(28)
are
shown
in
Figure
5.1—26.
The
spectra
show
peak
efficiencies
at
the
blue
and
red
wavelengths,
with
least
absorption
at
the
green
wavelengths.
Radiant
energy
within
the
marine
environment
is
governed
by
the
intensity
of
the
surface
irradiance
and
the
magnitude
of
the
optical
extinction.
Transparency
of
the
water
to
light
transmission
is
partially
dependent
on
the
concentrations
of
dissolved
organic
materials
and
organic
and
inorganic
suspended
particulates.
Of
these,
suspended
particulates
usually
exhibit
the
more
pronounced
effect
on
energy
attenuation.
The
spatial
variation
of
these
elements,
and
therefore
the
magnitude
of
the
vertical
extinction,
is
affected by
such
limnological
factors
as
upwelling,
currents,
suspended sediments,
stratification, and biological growth
cycles.
Temperature
structure
and
depth are
important
factors
which
influence
mean
vertical
extinction.
All
light
within
the
photosynthetic
range
is
affected
to
some
degree
by
these
various
factors.
Considering
the
high level
of absorp-
tion
of blue
wavelengths
by
chlorophyll
relative
to
the
other
spectral
intervals
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 and the availability of this light at depth, variations in the blue spectrum are
assumed espec1ally indicative of potential for variations in biological growth
cycles.
Schertzer, at al. (29) reported measurements of the vertical extinction
coefficients in Lake Huron and Georgian Bay taken during 1974. The observations
were made at about one—month intervals from May through October. Reported results
combine measurements taken with spectrometer, transmissometer, and secchi disk.
Figures 5.1—27 and 5.1—28 show mean potential photic depths observed in Lake
Huron and North Channel, and in Georgian Bay, respectively. As noted earlier,
the potential photic depth is the level at which the radiation flux through the
water surface is reduced to 1% of the surface intensity, and is simply an alter—
nate method to represent the vertical extinction coefficient. Deep penetration
implies a small extinction coefficient. The potential photic depths were com-
puted for spectral intervals of 400-500, 500—600, and 600-700 nm because of the
biological significance of irradiance in these spectral bands.
The clearest water is observed in mid—lake regions of the Lake Huron basin,
with wavelengths of 500 to 600 nm showing the deepest penetration. The largest
vertical extinction coefficients (least transparency) are observed in North
Channel and Saginaw Bay. Radiation at wavelengths of 600 to 700 nm (red light)
is uniformly attenuated within the upper 15 m of the water column everywhere,
except in Saginaw Bay where significantly greater vertical extinction coeffi-
cients occur.
Seasonal variations in the vertical extinction coefficients are shown for
each segment, and the reader is referred to the work of Schertzer, et aZ.(29)
for an excellent discussion of these variations. In general, spring and fall
maxima of vertical extinction coefficients (reduced transparency) are related to
run—off from the land surfaces of the drainage basin, to shore erosion, to the
suspension of bottom sediments in shallow water by storms, to current patterns,
and to seasonal and spatial variations in water temperature structure and primary
production.
SUSPENDED SOLIDS
Excess suspended solids interfere with the disinfection of a water supply,
interfere with recreational use and aesthetic enjoyment of the water, increase
the costs of water treatment, and damage fish. Excess suspended solids act
directly on the fish, either killing them or reducing their growth rate and their
resistance to disease; prevent the successful development of fish eggs and larvae;
modify the natural movements and migrations of the fish; and reduce the abundance
of food available (30). The increased turbidity related to high concentrations
of suspended solids reduces light penetration into the water, thereby reducing
the primary productivity (31). Finally, certain submicroscopic suspended solids
such as asbestos fibres may be harmful to humans (32).
The variOus guidelines, standards, objectives, and criteria set out by
various jurisdictions for suspended solids are found under the heading of tur—
bidity in Appendix C. For drinking water, the range is from 1 to 5 Jackson
Turbidity Units (JTU). For recreation and aquatic life, the maximum value is 50
JTU.
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There
appear
to be
no direct
measurements
of
suspended
inorganic
solids
available.
Turbidity has
been
used
as
an
indicator
of
concentration,
but
such
measurements
determine
the concentration
of
all
of
the
suspended
material,
not
merely of the inorganic fraction.
Turbidity
is measured
by
the
amount
of light
reflected
by a
suspension
as
compared
to
the amount
reflected
by
a standard
such
as
a
suspension of
formazine.
The measurement
depends
not
only
on
the
particular
instrument
used
but
also
on
the
shape and
size of
the
particles.
However,
it
is
sometimes
possible
to ﬁind
empirical
correlations
between
the
weight
of
suspended
material
and
the
tur-
bidity,
such
as
that
developed
by
Sydor
(33)
for
the
western
end
of
Lake
Superior,
namely
Suspended
Solids
(mg/Q)
=
(0.9)
-
(turbity
in
JTU)
+
0.4
The
only
nearshore
areas
with
high
turbidities
(2—16
JTU,
equivalent
to
2
to
15
mg/l,
if
Sydor's
relationship
is
valid
for
Lake
Huron)
are
between
the
St.
Clair
River
and
Goderich
in
Ontario.
The
high
levels
are
caused
by
natural
shore
erosion
and
the
26,000
kg/d
of
suspended
load
contributed
by
the
Maitland
River.
Saginaw
Bay
also
has
relatively
high
levels
with
a
yearly
average
of
around
3
JTU
(about
3 mg/R).
‘
In
the
hypolimnion
of
the
main
body
of
the
lake,
the
areal,
seasonal,
and
year-to-year variations
are
insignificant,
with
an average
around
0.75
JTU
(1.1
mg/Z).
Somewhat
higher
values
are
found
near
the
Straits
of
Mackinac.
In
the
epilimnion,
the
Summertime
values
are
around
0.4
JTU
(0.8
mg/Q)
but
increase when
the
lake mixes
in
the
fall.
In
the
southern
end
of
the
lake,
this
cycle
is
ill—defined
and
the
hypolimnion
and
epilimnion
turbidities
almost
coin—
cide.
The
reasons
for
the
lower
epilimnion
values
are
not
known,
but
may
be
caused by measurement artifacts.
The
present
levels
of
suspended
solids
should
not
cause
any
water
quality
problems
in
the
main
body
of
Lake
Huron.
No
criteria
or
objectives
are
presently
violated.
The
higher
concentrations
found
near
Goderich
are
caused
by
natural
erosion
and
little
can
be
done
at
present
to
abate
this.
Organic
suspended
solids
entering
Saginaw
Bay
will
be
removed
in
response
to
secondary
treatment
requirements.
Land
use
regulations
and
programs
should
also
be
implemented
to
control
the
suspended
solids
input
from
non-point
sources.
Such
measures
would
be
expected
to
increase
the
transparency
of
the
bay
and
thus
benefit
the
benthic
and
algal
communities,
improve
the
dissolved
oxygen
level,
and
decrease
the need for dredging.
Measurements
of
suspended
asbestiform
fibres
in
the
lake
were
made
in
1974
(34).
The
samples
were
taken
at
a
depth
of
1 m.
The
average
number
of
fibres
found
was
around
0.6
X
106/Q.
This
level
is
considerably
below
that
of
Lake
Superior,
where
the
average
is
around
1
to
9
x
106
fibres/2
(see
Volume
III,
Chapter
5.1).
There
is
little
evidence
for
areal
variation.
All
of
the
fibres
that
were
measured
were
chrysotile,
identified
as
such
by
their
characteristic
hollow
tube
appearance,
Because
of
the
low
concentrations,
the
asbestos
present
in
Lake
Huron
probably
does
not
present
a
health
hazard.
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INTRODUCTION
In
order
to
understand
baseline
conditions
in
Lake
Huron
and
to
establish
a
reference
level
for
evaluating
future
trends
in
water
quality,
someknowledge
of
the
sediment
distribution
and
composition
is
essential.
Information
about
sedi—
ments
provides
some
indication
of
the
source,
dispersal,
and
final
sink
of
nutri-
ents, heavy metals, and toxic organics.
This
section
provides
first
a
description
of
the
distribution
of
surficial
sediment material,
second a statistical tabulation of parameters measured based
on a system of lake sectorization defined by sediment character,
and finally a
brief review of some of the highlights observed in the interpretation of the data
base.
In
order
to
simplify discussion,
tabulation,
and
display of
data,
a
sepa—
ration is made between the main body of Lake Huron, Georgian Bay, and North
Channel.
Thus, for this discussion, the use of Lake Huron will refer to the main
body of the lake, with discrete reference to Georgian Bay and North Channel.
The sampling grid used did not allow for the same sort of detailed charac—
terization of North Channel as for Lake Huron and Georgian Bay. Therefore, only
overall averages will be presented for North Channel.
METHODS
Samples were taken in the main body of Lake Huron in July 1969 with subse-
quent sampling of Georgian Bay and North Channel in September 1973. Samples were
taken with a Shipek grab sampler on a primary 5 or 10 km Universal Transverse
Mercator Projection square grid (1). The surficial 3 cm of sediment from the
grab sampler was sub—sampled, from which an aliquot was kept wet for particle
size analysis and the remainder freeze—dried for subsequent geochemical analysis.
Major elements were analyzed by X-ray fluorescence spectrometry, trace metals by
atomic absorption spectroscopy, and organic and inorganic carbon by Leco induc—
tion furnace carbon analyzer.
POST-GLACIAL EVOLUTION OF THE LAKE HURON BASIN
An overview of the post—glacial development of the Great Lakes Basin has
been given by Sly and Thomas (3). The Lake Huron — Georgian Bay Basin became
free of ice about 12,000 years before present. The ice front stored ponding lake
351
 waters to the north of the Huron and Michigan basins at high levels, in excess
of 183 m above present sea level. This formed one large lake system, Lake
Algonquin, which drained south through outlets near Chicago and through the St.
Clair — Detroit River system to Lake Erie and on to Lake Iroquois in the Ontario
Basin. A further Lake Algonquin outlet occurred in the southern part of Georgian
Bay with direct drainage to Lake Iroquois. Lake Chicago in the Michigan basin
was cut off from Lake Algonquin by the Valders ice with subsequent rejoining on
the retreat of this last ice mass.
Continued ice retreat freed a northern
outlet facilitating eastward drainage through the Ottawa valley and resulting in
a rapid lowering of lake levels.
This resulted in the formation of the con—
temporaneous low lake stages of Lakes Chippewa, Hough, and Stanley in the Michigan,
Huron, and Georgian Bay basins respectively, and cessation of southerly drainage
to Lake Erie.
Uplift of the eastern outlets by isostatic re-adjustment slowly
brought about rising lake levels and the formation of the Nipissing lake system.
At its maximum, the Nipissing Great Lakes incorporated all the Superior, Michigan,
Huron, and Georgian Bay basins as a single vast lake with simultaneous outflow
through the Chicago, St. Clair, and Ottawa valley outlets.
Continued uplift
finally closed the Ottawa valley outlet and lake levels dropped slightly.
With
further adjustment of water levels on closure of the Chicago outlet, the Algoma
phase of falling lake levels came into existence with lake levels responding to
downcutting of the St. Clair outlet.
This continuous lowering of Lake Algoma
levels brought into existence the present configuration of the Upper Lakes as we
know them today some 2,000 to 2,400 years before present.
SURFICIAL SEDIMENT DISTRIBUTION AND
RELATION TO MORPHOLOGY
The distributions of surficial sediment in Lake Huron and Georgian Bay are
given in Figures 5.2—1 and 5.2—2, respectively.
The basic units mapped were
identified from standard echograms with confirmation from sample descriptions.
Three major units are similar for Lake Huron and Georgian Bay:
till, glacio—
lacustrine clay, and mud;
these represent the glacial
and post—glacial
evolution
of
the
lake basins.
However,
variations
in mapping
units
occur due
to
specific
conditions
observed
in
each
of
the
areas.
In
Lake
Huron,
substantial
sand
accu—
mulations
were
observed
in open
waters
whereas,
in
Georgian
Bay,
sands
were
sparse
and
presumably
utilized
in
major
beach
formation,
particularly
in
the
southern
extremity
of
the
bay.
Considerable
complexity was
observed
in
the
morphology
of
the
basins
in
Lake
Huron
and
their
associated
fine—grained
sedi—
ment
deposits.
Therefore,
basin
sediments
in
Lake
Huron
were
additionally
classified
into
types
A,
B,
and
C
deposits
which
are
described
below.
Along
the
eastern
nearshore
zone
of
Georgian
Bay
(Figure
5.2—2)
in
the
region
of
the
30,000
islands,
the
general
distribution
of
materials
is
of
such
a
complex
nature
that
the
discrimination
of
individual
units
was
not
possible.
This
area
was
thus
defined
as
a
melange
of
bedrock,
till,
and
glacio—lacustrine
clays.
The
western
boundary
of
the
melange
zone
approximates
the
boundary
between
pre—
cambrian
formations
in
the
east
and
the
overlying
palaeozoic
rocks
to
the
west.
The
primary
components
comprising
the
sediment
distribution
in
Lake
Huron
and
Georgian
Bay,
as
indeed
for
the
remainder
of
the
Great
Lakes,
can
be
related
to
the
late
glacial
and
post-glacial
evolution
of
the
basin,
and
modified
by
sorting
due
to
physical
environmental
conditions.
The
description
and
distri—
bution
of
surface
sediments
are
shown
in
Figures
5.2—1
and
5.2-2
and
are
summarized
below.
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SURFICIAL SEDIMENT DISTRIBUTION IN LAKE HURON
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SURFICIAL SEDIMENT DISTRIBUTION IN GEORGIAN BAY
 
 
 
 
 GLACIAL TILL AND/OR BEDROCK
As
for
all
Of
the
Great
Lakes,
bedrock
occurrences
in
the
bed
of
the
lakes
are
sparse
and
occur
in
island
regions
(e.g.
the
melange
zone
of
Georgian
Bay)
and
in
areas
of
high
bottom
relief
(e.g.
the
Six
Fathom
and
Ipperwash
scarps
in
Lake Huron,
Figure
5.2-3).
In general,
the
bedrock
fabric
of
both
Lake
Huron
and
Georgian
Bay
is
veneered
with
glacial
tills
representing
the
rock
debris
dropped
during
final
ice
ablation.
The
tills
are
composed
generally
of
non-
homogenous
mixtures
of gravel,
sand,
silt,
and
clay.
In
Lake
Huron,
the
tills
are
exposed
around
the
periphery
of
the
lake
in
shallow waters
and
also
in
areas
of high
relief
in the
offshore
zone,
particularly
in association
with
the
cross-
lake
sills
(Figures
5.2—1
and
5.2—3).
In Georgian
Bay
(Figure
5.2—2),
till
occurrences are more sparse, but again occur in the nearshore zone and in local-
ized
regions
of
elevated
relief
in
the main body of
the bay.
In
all
exposures
sampled,
the
till
surface was veneered
with
a lag
gravel.
By definition
a
lag
deposit
is
one
in
which
the
surface materials
are
composed
of a
coarse residual
deposit
after
the
finer
particulate
materials
have
beenremoved
by
erosive
securing.
GLACIO-LACUSTRINE CLAYS
These
are
medium
to
light
grey,
compact,
firm,
generally
silty
clays,
occasionally varved with ice—rafted erratics deposited in ice-pended glacial—
front lakes.
The glacio—lacustrine clay deposits in the lakes are generally
characterized
bya thin (2—6 cm) surface lag sand indicative of present day non—
depositional or erosive conditions.
The glacio—lacustrine clays overlie the
glacial tills and occur in an outward younging succession from the till outcrops.
In Lake Huron (Figure 5.2-1), the glacio-lacustrine clays crop—out in the coastal
zone offshore of the till deposits in regions where overstepping by modern muds
has not occurred.
They also occur in association with the cross-lake scarps,
the Manitou Outliers, and the Thunder Duck Sill (Figure 5.2-3).
In Georgian Bay
(Figure 5.2—2), glacio—lacustrine clays occur more extensively throughout the
body of the bay between till deposits and regions of basin type mud accumulations.
In Georgian Bay, these deposits relate to the lake bathymetry and occur generally
on fairly lowamplitude rises between basins and on outer margins of mid—lake
till occurrences, the melange zone, and coastal till deposits.
BASIN MUDS
Mud, by definition, implies an undefined mixture of silt and clay. The
term is used here to define silty clays and clays which represent present—day
fine—grained sediment accumulation in the offshore deeper water basins of the
lake. The basin sediments in both Lake Huron and Georgian Bay consist of soft,
fluid, grey to grey-black, silty clays or muds. Many samples show black specules
or banding (a few millimetres thick) of amorphous iron sulfides. The surface of
the basin mud samples generally consists of a soft, olive—green to reddish—
brown, oxidized microzone ranging from a few millimetres to two centimetres in
thickness. Sediment aCCumulation occurs in a number of discrete basins in Lake
Huron (Figure 5.2—3) but not in Georgian Bay, where the basins have a meander
type of interconnected trough distribution reminiscent of a residual drainage
pattern (Figure 5.2—4).
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 Because of the complexity of the sediment distribution in the northern
basins of Lake Huron, an arbitrary classification system for the basin deposits
of this lake was established.
This has been fully discussed by Thomas et aZ.
(2), and is briefly summarized as follows:
Type A.
Basins with continuous post-glacial mud cover (mud here is used in
a general sense to designate fine—grained recent sediment). Type A deposits
occur in the basins of Georgian Bay (Figure 5.2—4) and in the Port Huron,
Goderich, Alpena, and Saginaw basins of Lake Huron (Figure 5.2—3).
Type B.
Undulating bottom topography with glacio—lacustrine clays outcrop—
ping in the crests and basin muds in the hollows.
Mud covers in excess of
50% of the lake bottom.
Occurs in the northern Manitoulin and Mackinac
basins of Lake Huron (Figure 5.2—3).
Type
C.
As for Type B, but mud covers less than 50% of the lake bottom.
Occurs only in the Manitoulin basin of Lake Huron (Figure
5.2—3).
SAND
As previously noted,
sand accumulations were not observed during
the survey
of Georgian Bay.
Major
sand occurrences were observed
in Lake Huron at three
locations:
Saginaw Bay,
the southern extremity of the lake, and on the eastern
shore north of Goderich (Figure 5.2—1).
DEPOSITIONAL
BASINS
AND
THE
NON—DEPOSITIONAL
ZONE
The segmentation of the lake used
to discuss water quality parameters
(Chapter 5.3)
is not useful for defining baseline
conditions for sediment char—
acteristics
and chemistry.
For
the
discussion of
sediment
characteristics,
the
water
bodies
are
divided
into
depositional
basins,
where
the
quiescent
waters
allow
solids
to
settle,
accumulate,
and
remain
relatively
undisturbed
by
currents
or
storms;
and
the
non—depositional
zone,
where
sediments
are
temporarily
depositw
only
to
be
scoured
and
resuspended
by
currents
and
storms.
In
Lake
Huron,
these
depositional
basins
are
discrete
entities
whereas,
in
Georgian
Bay,
the
depo-
sitional
basins
are
continuous
and
are
sub—divided
into
sub—basins
solely
for
descriptive
purposes.
The
location
of
the
non—depositional
zone
and
the
depo-
sitional
basins
and
sub—basins,
together
with
nomenclature,
are
given
in
Figures
5.2—3
and
5.2—4
for
Lake
Huron
and
Georgian
Bay,
respectively.
These
form
the
basis
for
the
following
discussion
and
tabulation
of
sediment
composition.
North
Channel
is
not
designated
on
the
zonal
diagrams;
instead,
the
overall
average
values
of
the
various
parameters
of
North
Channel
sediments
are
included
in the tables.
CHEMICAL COMPOSITION
The
chemical
composition
of
the
sediment
in
a
zone
is
often
indicative
of
the
water
quality
of
that
zone.
Mean
levels
and
standard
deviations
for
the
sediment
parameters
measured
for
the
total
lake
and
for
lake
zones
are
given
for
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grain
size),
Eh,
pH,
organic
carbon,
inorganic
carbon
(as
C
0
2
)
.
a
n
d
d
e
p
t
h
for
L
a
k
e
H
u
r
o
n
a
n
d
G
e
o
r
g
i
a
n
B
a
y
/
N
o
r
t
h
C
h
a
n
n
e
l
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e
s
p
e
c
t
i
v
e
l
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.
LAKE HURON
T
h
e
d
e
t
a
i
l
e
d
s
e
d
i
m
e
n
t
o
l
o
g
y
of
the
s
e
d
i
m
e
n
t
s
of
L
a
k
e
H
u
r
o
n
h
a
s
b
e
e
n
d
i
s
c
u
s
s
e
d
by
T
h
o
m
a
s
et
a1.
(2).
A
brief
summary
of
these
data
is
given
in
Table
5.2-1.
An
obvious
difference
between
the
textural
characteristics
of
the
non—deposi-
tional
zone
and
the
depositional
basins
is
that
the
latter
displays
a
much
finer
sediment
t
e
xt
ur
e
w
h
i
c
h
is
associated
wi
t
h
a
higher
c
o
n
c
e
n
t
r
a
t
i
o
n
of
clay
in
the
deeper water basins.
A
m
a
j
o
r
d
i
f
f
e
r
e
n
c
e
can
be
observed
b
e
t
we
e
n
the
n
o
r
t
h
e
r
n
M
a
c
k
i
n
a
c
and
Manitoulin
basins
and
the
southern
Port
Huron
and
Goderich
basins.
Mean
grain
size
suggests
that
the
sediments
of
the
southern
basins
are
coarser
in
nature
than
those
in
the
north,
which
is
verified
by
a
substantially
lower
mean
clay
content
and
a
proportionately
higher
percentage
of
silt.
Sediments
in
both
the
Alpena
and
Saginaw
basins
show
a
similar
coarse
nature.
The
coarser
nature
of
the
southern
basin
sediments
is
ascribed
to
markedly
shallower
water
conditions.
Both
the
Goderich
and
Port
Huron
basins
show
a
lower
mean
redox
potential
than
the
remaining
basins.
This
may
be,
in
part,
accounted
for
by
slightly
higher
levels
of
organic
carbon
and
is
believed
to
be
indicative
of
higher
productivity
in
southern
Lake
Huron
due
to
the
influence
of
nutrients
from
Saginaw Bay.
In
general,
C02
values
are
low,
other
than
in
the
Manitoulin
and
Goderich
basin
sediments
which
occur
in
the
eastern
portion
of
the
lake.
C02
is
thus
likely
to
be
derived
as
CaCO3
from
sub-aqueous
and
shoreline
erosion
in
the
eastern
nearshore
zone
of
the
lake
adjacent
to
the
Bruce
Peninsula
(2).
GEORGIAN BAY/NORTH CHANNEL
Summary
data
for
Georgian
Bay
and
North
Channel
are
given
in
Table
5.2—2.
Again,
the
coarser
nature
of
the
non—depositional
sediments
as
compared
to
the
depositional
basin
sediments
can
be
observed.
All
of
the
sub—basin
sediments
other
than
the
Nottawasaga
sub-basin
are
similar
from
a
textural
point
of
view.
The
Nottawasaga
sub-basin
sediment
is
generally
coarser
with
a
lower
clay
con—
tent.
The
distribution
of
Eh,
or
redox
potential,
for
Georgian
Bay
is
given
in
Figure
5.2—5.
Eh
indicates
the
oxidizing
nature
of
the
surfical
sediments.
The
lower
the
Eh
value
in
the
sediment,
the
more
enriched
and
productive
is
the
359
3
6
0
TABLE
5.2-1
MEAN
LEVELS
(Y)
AND
STANDARD
DEVIATIONS
(3)
FOR
SOME PROPERTIES OF LAKE HURON SEDIMENTS
$
4
.
"
 
a
b
Eh V
pH
Sand Z
Silt Z
Clay Z
C Z
C02 Z
Mean Grain
Depth m
Size ¢
SECTOR
No. of
i
Samples
(5)
( )
(s)
(s)
(s)
(s)
( )
(
|
x
I
x
m
I
x
I
x
I
x
I
x
I
x
m
3?
s)
(s)
Total Lake
177
0.349
7.39
42.0
22.0
36.0
1.6
1.8
5.3
75.3
(0.159)
(0.17)
(35.8)
(18.3)
(24.2)
(1.4)
(3.1)
(2.6)
(45.8)
Non—Depositional
97
0.392
7.42
65.3
13.2
21.2
0.8
1.8
3.6
49.4
Zone
(0.140)
(0.17)
(28.3)
(13.6)
(17.5)
(0.8)
(3.2)
(2.1)
(29.2)
Total Basins
80
0.301
7.36
11.6
38.2
55.0
2.6
1.8
7.5
106.8
(0.166)
(0.16)
(16.4)
(17.4)
(17.5)
(1.2)
(3.1)
(1.3)
(42.6)
 
Mackinac
11
0.418
7.35
16.1
23.5
58.1
2.2
0.7
7.4
101.1
(0.161)
(0.11)
(21.2)
(14.8)
(13.9)
(1.4)
(1.5)
(1.5)
(26.6)
Manitoulin
42
0.317
7.36
7.5
27.8
64.9
2.5
1.3
8.1
184.3
(0.149)
(0.16)
(11.0)
(14.0)
(12.8)
(1.1)
(2.1)
(0.9)
(34.8)
Alpena
2
0.375
7.35
27.9
27.8
44.3
1.1
0.3
6.5
75.5
(0.148)
(0.07)
(23.7)
(15.8)
(7.9)
(0.7)
(0.4)
(1.8)
(2.1)
Saginaw
4
0.370
7.22
29.6
32.3
38.2
3.0
0.3
5.8
66.8
(0.173)
(0.05)
(32.2)
(18.3)
(14.2)
(1.3)
(0.3)
(1.9)
(5.3)
Goderich
16
0.187
7.43
9.0
52.8
38.2
2.9
4.9
6.7
66.9
(0.146)
(0.19)
(13.2)
(12.0)
(14.6)
(1.2)
(4.8)
(1.1)
(24.7)
Port Huron
5
0.183
7.30
20.7
41.1
38.3
3.5
0.2
6.1
60.2
(0.158)
(0.10)
(21.4)
(19.9)
(6.1)
(0.8)
(0.3)
(0.9)
(7.2)
S
U
I
S
B
q
—
q
n
g
     
a.
Organic
Carbon
b. Inorganic Carbon
TABLE
5.2-2
MEAN
LEVELS
(2)
AND
STANDARD
DEVIATIONS
(3)
FOR
SOME
PROPERTIES
OF
GEORGIAN
BAY
AND
NORTH
CHANNEL
SEDIMENTs
 
Eh v
pH
Sand
z
Silt
7,
Clay
'2,
c 73
cozzb
Mean
Grain
Depth
:11
Size
O
SECTOR
No.
of
i
i
i
i-
2
Samples
(8)
(S)
(
S
)
(s)
(5)
I
N
I
N
I
>
<
(
A
I
N
Total
165
0.248
7.17
31.6
20.7
47.6
1.5
6.4
5.3
48.5
(0.200)
(0.27)
(35.6)
(13.4)
(28.7)
(1.3)
(5.2)
(2.7)
(26.4)
Non—Depositional
75
0.354
7.29
43.9
16.8
39.3
0.9
4.7
4.5
46.4
Zone
(0.112)
(0.20)
(35.6)
(13.4)
(29.8)
(1.0)
(5.0)
(3.0)
(25.2)
Total
Basins
37
0.117
7.16
3.4
28.9
69.7
2.7
10.5
7.2
74.3
(0.199)
(0.29)
(7.5)
(10.4)
(13.9)
(1.1)
(3.9)
(0.9)
(23.5)
3
6
1
Nottawasaga
14
— 0.034
7.31
3.5
34.7
61.9
2.9
11.7
6.9
68.0
(0.075)
(0.23
(6.8)
(13.8)
(18.2)
(1.0)
(3.0)
(0.8)
(18.8)
Owen Sound Tr.
4
0.250
7.23
2.5
29.1
68.4
2.0
7.4
7.0
82.8
(0.176)
(0.24)
(3.2)
(5.4)
(5.2)
(1.2)
(4.3)
(0.5)
(11.2)
Lion's
Trough
2
0.065
7.23
0.5
20.6
78.9
3.1
11.5
8.0
111.0
(0.078)
(0.21)
(0.3)
(2.0)
(2.3)
(0.1)
'
(0.2)
(0.4)
(25.5)
Cabot
4
0.291
7.15
3.0
20.0
77.1
2.3
10.4
7.8
80.5
(0.188)
(0.06)
(4.3)
(2.0)
(6.3)
(1.2)
(2.2)
(0.5)
(19.8)
Flowerpot
7
0.212
6.96
6.4
23.4
70.2
2.4
9.2
7.5
84.6
(0.247)
(0.44)
(14.7)
(5.8)
(15.6)
(0.6)
(2.4)
(1.4)
(28.3)
French
River
3
0.283
6.90
2.6
28.8
68.6
2.4
9.1
6.9
49.7
(0.202)
(0.00)
(3.1)
(2.4)
(3.3)
(0.4)
(1.5)
(0.5)
(13.1)
Parry
Sound
1
1.7
23.1
75.3
5.7
23.5
7.3
s
u
x
s
e
q
—
q
n
s
 
North
Channel
53
0.195
7.02
34.7
2.05
44.9
1.5
5.9
5.0
33.0
(0.25)
(0.25)
(37.2)
(13.0)
(28.4)
(1.3)
(4.7)
(2.4)
(13.5)
    
a. Organic Carbon
b. Inorganic Carbon
     
0.200 - 0.400
>
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6
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FIGURE 5.2—5 DISTRIBUTION OF Eh VALUES IN GEORGIAN BAY.
 
  
overlying
water.
Eh
is
generally
lower
in
finer
grained
sediments.
However,
the
low
Eh
found
in
the
Nottawasaga
basin,
which
has
a
generally
coarser
sediment,
indicates
that
the
waters
overlying
this
basin
possess
increased
productivity.
The
Lion's
Trough
sub—basin
also
has
a
low
potential
but
is
probably
compati—
ble
when
mean
depth
and
the
fine
nature
of
the
sediment
is
considered.
Figure
5.2—5
shows
that
the
bulk
of
the
surface
sediments
of
Georgian
Bay
areoxidizing,
With
values
in
the
range
of
+300
to
+470
mV.
Major
variations
can
be
observed
in
the
southeastern
part
of
the
lake
where
values
show
a
dramatic
decrease
to
a
low
of
—200
mV
in
the
southeastern
extremity
of
Nottawasaga
Bay.
The
distribution
patterns
also
show
extensive
low
positive
and
negative
potentials
associated
With
Midland,
Parry
Sound,
and,
to
a
lesser
extent,
Owen
Sound
and
Lion's
Trough
sediments.
These
occurrences
of
reducing
surface
sediment
imply
modification
of
sediment
chemistry,
probably
due
to
higher
lake
productivity
in
these
areas.
Such
productivity
may
well
be
related
to
local
nutrient
loadings
derived
from
land
use
in
the
southern
and
southeastern
part
of
Georgian
Bay.
In
addition,
the
postulated
higher
productivity
is
reflected
in
a
high
mean
value
for
organic
carbon
in
the
Nottawasaga
basin
(Table
5.2-2).
Sediment
carbonate
content,
expressed
as
002,
throughout
Georgian
Bay
including
North
Channel
is
high,
particularly
when
compared
to
the
sediments
of
Lake
Huron
(Table
5.2—1).
The
reason
for
this
has
not
been
investigated,
but
is
likely
due
to
a
detrital
origin
from
the
coastal
and
sub—aqueous
erosion
of
glacial
deposits
and
to
the
proximity
of
the
limestones
and
dolomites
in
the
eastern part of the lake.
MAJOR ELEMENTS
Tables
5.2-3
and
5.2—4
Summarize
the
mean
values
for
the
major
elements
in
the
sediments
of
Lake
Huron
and
Georgian
Bay/North
Channel,
respectively.
LAKE HURON
All
of
the major
elements
other
than
Si02 and
NaZO
show an
increase
in mean
values
in the depositional
basin
sediments
over
values
observed
in
the non-depo-
sitional
zone
(Table
5.2-3).
Na20
shows
remarkably
consistent
values
throughout,
whereas 310
shows an inverse relationship to the remaining major elements, with
a decrease
from
the non-depositional
zone
to
the
depositional
basins.
This
is
because $10
is mainly present as detrital quartz,
chiefly in sand, which is not
abundant in depositional basins.
A1203, MgO, K20, and T102 are associated directly with the clay mineral
fraction of the sediment
(3) and, as such, parallel the distribution of the clay
size fraction diSCussed previously.
The association of these elements indicates
that the clays consist predominantly of illite and chlorite.
CaO shows only a slight average increase from the non-depositional zone to
the
total
basin value
(Table
5.2—3).
However,
when
individual
basins
are
examined,
it can be seen that,
other than the Goderich and Manitoulin basins,
the depositional basin sediments contain significantly less CaO than the non-
363
 
 TABLE
5.2-3
MEAN
LEVELS
OF
MAJOR
ELEMENTS
IN
THE
SEDIMENTs OF LAKE HURON
(CONCENTRATIONS IN PERCENT)
 
8102 A1203 MgO CaO NaZO K20 T102 P205 MnO 8 Total Fe203
 
SECTOR No. of 1
Samples
(5
|
>
<
U
)
[
x
m
[
x
I
x
[
x
|
>
<
I
x
I
x
m
) (s) (s) (s) (s) (s) ( ) ( )
Total Lake 177 71.2 8.1’ 2.6 2.5 1.1 2.7 0.40 0.13 0.3 0.04 3.6
(12.0) (3.1) (1.8) (3.1) (0.3) (1.0) (0.18) (0.10) (0.4) (0.03) (2.2)
Non-Depositional 97 78.8 6.1 1.9 2.4 1.1 2.1 0.28 0.08 0.2 0.02 2.1
Zone (10.6) (2.4) (1.7) (3.3) (0.3) (1.0) (0.14) (0.11) (0.3) (0.02) (1.4)
Total Basins 80 61.9 10.5 3.5 2.7 1.1 3.3 0.55 0.18 0.4 0.06 5.5
(5.0) (1.8) (1.4) (2.8) (0.2) (0.5) (0.09) (0.05) (0.5) (0.03) (1.5)
3
6
4
Mackinac 11 63.6 10.7 3.0 1.7 1.1 3.4 0.56 0.15 0.4 0.05 5.7
(5.1) (1.0) (
0.6) (0.9) (0
.1) (0.2) (0.
10) (0.06) (0.6
) (0.03) (1.
4)
Manitoulin 42 60.5 11.4 3.5 2.3 1.1 3.5 0.56 0.19 0.5 0.06 6.1
(3.4) (1.1) (
0.9) (2.0) (0
.3) (0.4) (0.
06) (0.05) (0.5
) (0.03) (1
.1)
Alpena 2
68.7 9.7
2.2 1.2 1
.0 3.2 0.
47 0.13 0.2
0.06 4.6
(5.2) (1.0) (
0.5) (0.2) (0
.04) (0.3) (0.
08) (0.04) (0.1
) (0.01) (0.
7)
Saginaw 4 67.1 9.6 2.2 1.5 1.1 3.1 0.50 0.18 0.5 0.09 5.0
(4.1) (0.6) (
0.4) (0.5) (0
.07) (0.2) (0.
06) (0.13) (0.5
) (0.03) (1.
2)
s
u
T
s
e
q
—
q
n
g
Goderich
16 60.9
8.7 4
.5 5.
4 1.
0 2.8
0.52 0
.19 0.
1 0.07
4.3
(6.6) (
2.5) (2
.2) (4.
6) (0.
08) (0.7
) (0.13
) (0.04)
(0.04) (0
.04)
(1.8)
Port Huron
5 66.2
10.3
2.4
1.3 1
.0 3.
3 0.5
6 0.15
0.1 0.
08
4.6
(4.0) (
1.1) (0
.7) (0.
1) (0.
06) (0.3
) (0.06
) (0.02)
(0.07) (0
.02)
(0.8)
     
TABLE 5.2
—4 MEAN
LEVELS OF
MAJOR ELE
MENTS IN
THE
SEDIME
NTS 0F
GEORGI
AN BAY
AND NO
RTH CH
ANNEL
(C
ON
CE
NT
RA
TI
ON
S
IN
PE
RC
EN
T)
 
Tot
al
SiOz
A120
3
MgO
CaO
N32
0
K20
T102
P205
MnO
S
Fe20
3
 
E
)
(s)
(
|
>
4
SECTOR
No. of
i
Samp
les
(5
|
>
<
[
N
m
I
x
I
x
m
|
>
<
1
U
I
|
>
<
|
>
<
m
i
)
(s)
(s)
( )
(s)
(
)
(s)
( )
(s)
Tota
l
165
64.9
10.7
2.6
2.4
2.2
3.0
0.60
0.16
0.25
0.10
5.2
(9.3
)
(1.7
)
(1.2
)
(2.4
)
(0.4
)
(0.7
)
(0.2
)
(0.0
8)
(0.2
1)
(0.0
8)
(1.8
)
Non—
Depo
siti
onal
75
64.0
10.7
2.8
3.2
2.4
2.9
0.57
0.17
0.22
0.09
4.9
Zone
(9.1)
(1.7)
(1.5)
(3.2)
(0.1)
(0.7)
(0.18
)
(0.09
)
(0.17
)
(0.07
)
(1.6)
Total
Basin
s
37
59.6
11.5
2.8
1.8
2.1
3.2
0.67
0.19
0.34
0.18
6.7
(3.6)
(0.9)
(0.8)
(1.3)
(0.3)
(0.6)
(0.12
)
(0.07
)
(0.30
)
(0.07
)
(1.3)
3
6
5
Notta
wasag
a
14
59.7
11.5
3.0
2.2
2.1
3.3
0.70
0.20
0.23
0.20
6.5
(3.5)
(0.8)
(0.6)
(2.1)
(0.4)
(0.5)
(0.09
)
(0.06
)
(0.23
)
(0.08
)
(1.2)
Owen
Sound
4
60.1
11.8
2.5
1.4
2.2
3.0
0.56
0.16
0.37
0.15
6.1
(4.4)
(0.4)
(0.8)
(0.4)
(0.6)
(1.5)
(0.30
)
(0.03
)
(0.35
)
(0.11
)
(1.2)
Lion'
s Tro
ugh
2
56.5
11.6
2.1
1.4
2.0
3.6
0.71
0.31
0.67
0.22
8.0
(1.1)
(0.2)
(1.2)
(0.03)
(0.1)
(0.03)
(0.01)
(0.01)
(0.36)
(0.02)
(0.5)
Cabot
4
57.5
11.9
2.9
1.6
2.1
3.4
0.71
0.17
0.35
0.15
7.0
(1.8)
(0.2)
(0.2)
(0.1)
(0.1)
(0.02)
(0.02)
(0.05)
(0.09)
(0.05)
(0.7)
Flower
pot
7
60.4
11.3
2.5
1.6
2.0
3.1
0.66
0.20
0.41
0.17
7.0
(4.9)
(1.6)
(1.2)
(0.1)
(0.2)
(0.7)
(0.11)
(0.09)
(0.39)
(0.04)
(1.8)
French
River
3
59.2
11.7
2.2
1.8
2.1
3.2
0.69
0.18
0.56
0.12
6.5
(3.4)
(0.9)
(1.3)
(0.1)
(0.1)
(0.3)
(0.08)
(0.07)
(0.43)
(0.05)
(1.2)
s
u
1
5
9
q
—
q
n
s
 
Nort
h Ch
anne
l
53
69.7
10.2
2.2
1.7
2.1
2.8
0.52
0.14
0.22
0.07
4.8
     
 depositional zone.
The higher CaO values
observedin the Goderich and Manitoulin
basins reflect the increased carbonate concentrations in the eastern sector of
the lake as discussed by Thomas at al. (2).
and MnO Show similar variations, with a distribution parallel to the
clay size fraction and associated major elements.
This suggests that both
elements are related to the clays, as noted by Sly and Thomas (3).
Sulphur
values are low throughout.
P205
is comparatively
low on a lakewide basis but
shows some variation by lake sector parallel to Fe203.
This suggests that the
phosphorus occurs adsorbed on hydrated iron oxide surfaces as described by
Williams et al. (4) for Lake Erie.
In terms of mean Fe203 concentration, P205
values in the Goderich and Port Huron basins may suggest some enrichment of the
sediment of these basins by anthropogenic phosphorus.
Fe203
GEORGIAN BAY/NORTH CHANNEL
The mean values
for major elements in the sediments of Georgian Bay and
North Channel are summarized in Table 5.2—4.
Similar trends
in the distribution
of the mean values in non—depositional zone and depositional basin sediments can
be observed as described for Lake Huron.
COMPARISON OF MAJOR ELEMENT CONCENTRATIONS IN UPPER LAKES SEDIMENTS
A summary of mean values for major elements in the sediments of Lake Huron,
Georgian Bay, and Lake Superior is given in Table
5.2—5.
In general,
the values
are closely comparable,
though Lake Huron shows higher $102 and lower A1203 than
Georgian Bay and Lake Superior.
This is compatible with a coarser texture as is
indicated
in lower
mean
clay
size
fraction
content
(Tables
5.2—1
and
5.2—2).
Lake
Huron
further
shows
lower mean NaZO
levels,
though
the
reasons
for
this
are
not
understood
at
the
present
time.
Lake
Superior
shows
higher
total
Fe203
values
than the
other
lakes,
and
a higher
mean Fe203
value
is
observed
in Georgian
Bay
compared
to
Lake
Huron.
The
higher
Fe203
content
in Lake
Superior
sediments
is
due
to
the
oxidation of
iron in
the
surfical
sediment
to
an
insoluble
form
(See
Volume
III,
Chapter
5.2).
The
increasing
P205
concentrations
from
Lake Huron
to
Georgian
Bay
and
Lake
Superior
are
of
considerable
interest.
The
most
likely
reasons
for
these
differences
are
as
follows:
(1)
In
Lake
Huron,
high
P205
values
are
observed
in
the
Saginaw and
Goderich
basins
with
comparable
high
values
in
the
Manitoulin
basin.
Sediments
in the
Saginaw,
Goderich,
and
Port
Huron
basins
are
significantly
coarser
and
lower
in
clay
size
material
than
the
northernmost
basins.
This
coarser
texture
is believed
to
be due
to
shallower
water,
with
the
probability
that
fine—grained
sediment
with
associated
phosphorus
has
been
transported
southwards
and
washed
out
through
the
St.
Clair
River.
This
mechanism
has
been
discussed
in
relation
to
mercury
distribution
by
Thomas
(5).
Although
the
fine-grained
sediments
have
been
washed
out
through
the
St.
Clair
River,
the
elevated
phosphorus
values
reflect
anthropogenic
inputs
from
the
Saginaw
Bay
and
the
Goderich
areas.
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COMPARISON OF MAJOR ELEMENTS IN THE
TABLE 5.2-5
SEDIMENTS OF THE UPPER LAKES
  
PERCENT COMPOSITION
ELEM
ENT
LAKE
HURO
N
GEOR
GIAN
BAY
LAKE
SUPE
RIOR
$102
71.2
64.9
65.5
A12
03
8.1
10.7
10.
0
MgO
2.6
2.6
3.1
CaO
2.5
2.4
1.7
Na2
0
1.1
2.2
2.0
K20
2.7
3.0
2.8
  
 
    
 
 
(2)
Phosphorus associated with sediment
in Georgian Bay is high because the
bay acts as a sink due to its restricted circulation.
This
is certainly
reflected in the generally high values in the depositional sub—basin
sediments.
(3)
The phosphorus levels in Lake Superior sediments show a co—variance
with Fe203 levels.
This suggests that the same oxidation effect acts
to bind phosphorus to the sediments.
Consequently, the sediments are
acting as a phosphorus sink.
(See Volume III, Chapter 5.2.)
TRACE METALS
Mean levels and standard deviations for trace metals in the sediments of
Lake Huron and Georgian Bay/North Channel appear in Tables 5.2—6 and 5.2—7,
respectively.
LAKE HURON
All metals examined in Lake Huron, other than Co and Cd, show increased mean
values in the depositional basin sediments over values observed in the non-
depositional zone (Table 5.2—6).
This implies that the metals are associated
with fine—grained sediment.
Enrichment in Hg, Pb, Cu, Ni, and Cd can be observed
in the Saginaw basin, reflecting point source discharges to Saginaw Bay. Mean Hg
is high in the Port Huron basin, suggesting southerly transport of Hg from
Saginaw Bay to the St. Clair River, as discussed by Thomas (5).
Zn, Cr, and
possibly As appear to have higher concentrations in the northern Manitoulin and
Mackinac basins than in the southern basins.
Additionally, mean Hg values are
high with no obviOus anthropogenic Hg source.
These enrichments may be a product
of finer mean particle size though,
alternatively,
they may also be due
to miner—
alization as postulated by Thomas (5).
A detailed discussion on values observed in sediment cores has been given by
Kemp
and
Thomas
(6)
for
Lakes
Huron,
Erie,
and
Ontario.
In Lake
Huron,
cores
were examined
from South Bay, the ManitOulin basin, and the Goderich basin.
Enrichment
in
sediment
content
due
to
anthropogenic
sources
could
be
observed
for
Hg,
Pb,
Zn,
Cd,
and
Cu and,
except
for
Cd,
this
enrichment
was
greater
in
the
southern
Goderich
basin
than
in
the
northern
Manitoulin
basin.
Only
minor
enrich-
ment
of
Hg,
Zn,
and
Cu
could
be
observed
in
the
northern
part
of
the
lake,
implying
relatively
little
increase
over
background
level.
Pb
showed
higher
enrichment,
possibly
related
to
atmospheric
loadings.
Mean
levels
for
these
elements
for
recent
(surface)
sediment
and
deeper
colonial
sediment
(prior
to
western man)
were
determined
by Kemp
and
Thomas
(6)
and
are
given
in
Table
5.2—8.
These
values
express
means
for
the
whole
lake
and
do
not
differentiate
the
differences
observed
between
the
northern
and
southern
basins
of
the
lake.
On
the
basis
of
their
data,
Kemp
and
Thomas
(6)
estimated
loadings
of
a
number
of
elements
to
the
lake
sediments
(Table
5.2-9).
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TABLE 5.2—6 MEAN LEVELS OF TRACE METALS
SEDIMENTS OF LAKE HURON
(Hg in ug/kg, all others in mg/kg)
IN THE
 
H8
P
b
Cu
Z
n
Ni
Co
Cr
C
d
Sr
As
SECTOR
No.
of
Samples
I
N
w
I
x
w
I
N
1
X
m
I
N
m
I
X
I
x
I
x
I
x
Total Lake
Non-Dep
osition
al
Zone
Total
Basins
197
96
80
217
(160)
166
(123)
277
(177)
49
(34)
35
(28)
66
(35)
3
2
(2
3)
21
(2
0)
46
(18)
62
(48)
4
2
(35)
86
(5
0)
39
(25)
2
9
(24)
5
1
(21)
1
7
(1
8)
1
7
(2
1)
1
7
(
1
3
)
3
2
(
1
9
)
23
(
1
5
)
43
(17)
4
4
(2
7)
36
(2
3)
54
(2
7)
66
(36)
5
5
(38)
7
9
(2
8)
1.09
(
2
.
1
6
)
0.73
(0.90)
1.88
(3.5)
s
u
i
s
e
q
—
q
n
g
 
Mackinac
Manitoulin
Alp
ena
Sagi
naw
Gode
rich
Port
Huron
  
11
4
2
16
229
(106)
286
(202)
82
(12)
307
(159)
25
1
(131)
438
(174)
67
(4
1)
70
(4
1)
59
(7)
87
(
1
9
)
5
8
(1
2)
3
8
(27)
47
(1
8)
5
1
(
1
6
)
47
(1
8)
6
3
(19)
30
(16)
4
2
(11)
111
(80)
9
2
<4
4)
87
(3
)
9
9
(2
8)
63
(37)
50
(2
7)
5
2
(1
8)
54
(16)
57
(26)
90
(
3
9
)
35
(17)
4
3
(8)
14
(6
)
1
7
(12)
11
(3)
1
5
(9)
22
(21)
1
4
(7)
65
(1
6)
4
3
(15)
43
(2
2)
36
(7
)
29
(11)
3
6
(
8
)
67
(15)
54
(3
2)
6
5
(10)
70
(1
2)
40
(
2
3
)
56
(19)
70
(27)
90
(25)
33
(2)
40
(
1
3
)
7
9
(26)
74
(17)
2.60
(
3
.
4
)
1.72
(3.
4)
1.
01
(
2
.
4
)
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TABLE
5.2—7
MEAN
LEVELS
OF
TRACE
METALS
IN
THE
SEDIMENTs
0F
GEORGIAN
BAY
AND
NORTH
CHANNEL
(Hg
in
ug/kg,
all
others
in
mg/kg)
 
Hg
P
b
C
u
Zn
N
i
Co
Cr
C
d
Sr
As
SECTOR
No.
of
Samples
(
I
x
m
)
I
x
I
x
I
x
m
)
I
x
I
x
I
x
m
)
I
x
w
)
I
x
(s)
I
x
I
x
Total
222
171
(130)
Non-Depositional
184
Zone
76
(615)
Total
Basins
40
392
(1517)
4
3
(29)
3
4
(23)
6
7
(27)
4
3
(23)
35
(20)
6o
(16)
102
(57)
77
(43)
146
(43)
100
(59)
79
(51)
119
(51)
2
1
(
9
)
1
9
(10)
2
4
(7)
132
(118)
114
(111)
176
(134)
1.47
(
1
.
0
6
)
1.21
(
0
.
7
7
)
2.01
(1.51)
6
7
(25)
63
(23)
77
(18)
115
(
1
0
1
)
128
(143)
124
(44)
4.16
(7.18)
4.21
(7.09)
7.19
(9.92)
Nottawasaga
14
301
(570)
Owen Sound Tr.
6
65
(45)
Lion's Trough
2
4800
(6630)
Cabot
4
72
(15)
Flowerpot
7
75
(17)
French River
3
79
(
5
)
Parry Sound
1
200
s
u
x
s
e
q
—
q
n
s
 
69
(26)
57
(31)
100
(
1
4
)
86
(27)
51
(24)
6
6
(27)
61
55
(13)
5
3
(
1
4
)
76
(11)
7
8
(12)
5
9
(21)
7
1
(10)
42
150
(42)
125
(44)
179
(33)
166
(37)
119
(40)
163
(44)
204
105
(46)
112
(
4
8
)
111
(52)
168
(48)
104
(32)
169
(81)
210
22
(
6
)
2
3
(8)
2
9
(
3
)
3
1
(
7
)
22
(5)
2
5
(
3
)
35
140
(99)
175
(162)
155
(34)
313
(226)
156
(67)
1
4
3
(50)
530
1.94
(0.89)
1.45
(0.46)
2
.
3
0
(0.14)
1.57
(
0
.
3
9
)
1.44
(0.53)
3.13
(2.63)
1.70
70
(
9
)
64
(6)
80
(11)
94
(26)
8
7
(19)
97
(23)
8
1
113
(61)
99
(25)
138
(42)
155
(
7
)
140
(39)
157
(15)
116
7.01
(7.00)
5.92
(4.72)
30.0
(8.49)
4.13
(
8
.
5
9
)
0.66
(0.59)
19.07
(21.09)
1.00
 
orth Channel
53
151
(232)
 
 
39
(30)
42
(26)
105
(65)
116
(66)
22
(11)
125
(110)
1.46
(
0
.
9
0
)
66
(30)
9
3
(
4
3
)
1
.
8
3
(
2
.
9
3
)
 
1
4
-
1
.
 
GEORGIAN BAY/NORTH CHANNEL
The
mean
levels
of
trace
metals
in
the
surface
sediments
of
Georgian
Bay
and
North Channel
are
summarized
in Table
5.2-7.
All metals
show an
obvious
increase
from
the
non—depositional
zone
to
the
fine—grained
deposits
of
the
depositional
basins.
In
terms
of
individual
basins,
exceedingly
high values
for Hg
and
As
can
be
observed
in
Lion's
Trough
along
with
minor
enrichment
in
Pb
and
Zn.
This
is
believed
to
be due
to mineralization
and
is discussed
below.
A detailed
discussion
of
the
trace
metal
distribution
in
Georgian
Bay
cannot
be
given
here
pending
additional information from sediment cores currently under examination.
However,
in order to place
the metal concentrations in perspective,
a brief comparison is
made
among
Georgian Bay,
Lake
Huron,
and
Lake
Superior.
r
COMPARISON OF TRACE METAL LEVELS IN UPPER LAKES SEDIMENTS
Mean
values
for
the
levels
of
trace metals
in
the
sediments
of Lake
Superior,
Lake Huron,
and Georgian Bay are given in Table 5.2-10.
Levels of Pb, Co, and Cd are similar in all three water bodies.
Co is
construed as being at approximately natural sediment levels, which may also be
true for Cd.
Pb is elevated in all three lakes, implying that atmospheric
loading related to the use of fossil fuels and lead additives in gasoline is the
predominant source. Mean values for Pb do not appear to be high, but these mean
values incorporate all samples including nearshore coarse sediments.
To place
the Pb values in perspective, Kemp and Thomas (6) gave a mean value for Lake
Ontario Bluffs of 28 mg/kg, 3 value very similar to the pre—colonial sediment
levels observed in Lake Huron and in the Lower Lakes. This would indicate an
approximate overall two—fold increase in Pb levels over the natural concentration
in sediment in the Upper Lakes. This represents a minimum increase, since higher
values are found in the upper sediment of sedimenting basins from which the pre—
colonial data were derived.
Mean Hg levels are significantly higher in Lake Huron and Georgian Bay as
compared to Lake Superior. In Lake Huron, elevated levels have been ascribed to
natural mineralization and to anthropogenic loadings from Saginaw Bay. Similar
causative factors account for the Hg levels in Georgian Bay andare discussed
below. High mean Cu and V values can be observed in Lake Superior and both Lake
Superior and Georgian Bay show high values for Zn, Ni, Cr, and Sr. High values
for As are observed in Georgian Bay. The significance of the high Sr and V
values are, as yet, not understood. However, high values in Georgian Bay for Zn,
Ni, Cr, As, and Hg are taken as representing the impact of sphalerite minerali—
zation extending from known deposits in the Bruce Peninsula. Similar elevated
levels for Zn, Ni, Cr, and Cu in Lake Superior are believed to be due to exten—
sive copper mineralization in that lake.
DISTRIBUTION OF MERCURY
The distribution of mercury in the sediments of Lake Huron, Georgian Bay,
and North Channel is given in Figure 5.2-6. Mercury in the sediments of Lake
Huron has been discussed in detail by Thomas (5) and is not discussed further
here.
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 TABLE 5.2—8
MEAN LEVELS OF METALS IN RECENT (SURFACE) AND
PRE—COLONIAL (DEEPER) SEDIMENT IN LAKE HURONa
 
CONCENTRATION IN mg/kg
METAL ‘
Recent Pre—Colonial
Hg 0.210 0.150
Pb 129 39
Zn 197 94
Cd 2 1
Cu 58 38
   
 
 
a. Information from Reference (6).
 
TABLE 5.2—9
ESTIMATED LOADINGS OF ELEMENTS TO THE
SEDIMENTS OF LAKE HURONa
  
LOADING IN TONNES PER YEARb
   
ELEMENT
AnthropogenicC Natural Total
Hg 0.34 0.42 0.76
Pb 400 120 520
Zn 520 275 795
Cd 3 5 8
Cu 125 110 235
Organic C 33,900 126,700 160,600
N 5,180 16,200 21,380
P 1,460 3,290 4,750
Information from Reference (6).
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 TABLE 5.2—10
COMPARISON OF TRACE METAL CONCENTRATIONS IN THE
SEDIMENTS OF THE UPPER LAKES
 
CONCENTRATION IN mg/kg
ELEMENT
LAKE HURON
GEORGIAN BAY
LAKE SUPERIOR
Hg
0.217
0.222
0.083
Pb
49
43
44
Cu 32 43 82
Zn
62
102
97
Ni
39
100
95
Co
17
21
26
Cr
32
132
163
Cd
1.4
1.5
1.2
v
44
67
82
Sr
66
115
111
As
1.1
4.2
1.7
 
     
 
 
 
 
 
GEORGIAN BAY; AND THE NORTH CHANNEL.
DISTRIBUTION OF MERCURY IN THE SURFICIAL SEDIMENTS
OF LAKE HURON;
FIGURE 5.2-6
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In the samples described here,
mercury values range from 12 to 9500 ug/kg
with a mean of 257 ug/kg for Georgian Bay, and
from 8 to 1112 ug/kg with a mean
of
151
ug/kg
for
North
Channel.
Sly
(7)
recorded
a Hg
concentration
of
11,400
ug/kg
in
a
sample
from
the
Flowerpot
sub—basin.
This
sample
was
recovered
about
14 kilometres
east
of
Bears
Rump
Island
and
represents
the
highest
level
recorded
in
open
lake
sediments
in
the
Great
Lakes.
In
terms
of mercury
distribution,
it
can be
seen
(Figure
5.2—6)
that
mercury
concentrations are generally low
(<100 ug/kg),
with three regions showing higher
concentrations:
in Nottawasaga Bay. on the eastern side of the Bruce Peninsula,
and offshore from Midland.
These anomalies are likely due
to mineralization or
anthropogenic
sources.
It
is
likely
that
the
two
southerly
anomalies
are
due
to
industrial/urban origin
associated
with Midland
and
the
"cottage
country”
in
the
east
and
the
Owen
Sound—Collingwood
area
in
the
southwest.
The
anomaly
observed
to
the
east
of the
Bruce
Peninsula
may
well
be
related
to
natural
sphalerite
mineralization
in the
limestones of
the
region
(8).
Sphalerite
occurrences
there
are
numerous
and
mercury
analyses
are
given
as
follows
(9):
Wiarton, Ontario
14 samples
mean Hg
136 ug/kg
Tobermory,
Ontario
8 samples
mean Hg
295 ug/kg
Ferndale,
Ontario
1
sample
Hg
1350
ug/kg
In
total,
the
sphalerite mercury
values
ranged
from
82
to
1350
ug/kg
with
a
mean
of
244
ug/kg,
well
above
the
Georgian
Bay
background
values
of
<1OO
ug/kg.
The
previously
noted
association
of
Hg,
As,
Pb,
and
Zn
in
Georgian
Bay
sediments
would
appear
to
confirm
that
the
Lion's
Trough
mercury
anamoly
is
due
to sphalerite mineralization.
In
North
Channel,
only
minor
anomalies
can
be
observed.
The
reasons
are
uncertain
at
this
time
but
may
be
related
to
watershed
sources
to
the
north
of
the channel.
RELATIONSHIP TO WATER QUALITY
It
is
difficult
to
document
the
effects
of
open
water
bedrock
geology
and
sediment
composition
on
water
chemistry.
Metals
may
be
present
in
high
concen—
trations
in
rocks
or
sediment,
but
in
relatively
insoluble
forms.
Most
metals
are
of
low
solubility.
Certain
metal—organic
compounds
are
more
soluble,
but
the
low
organic
content
of
the
waters
of
the
Upper
Lakes
limits
such
occurrences.
Silicate
is
ultimately
derived
from
the
siliceous
crust
of
the
earth.
How—
ever,
the
small
size
of
the
drainage
basin
limits
the
time
of
contact
of
runoff
and
tributary
water
and
siliceous
rocks
and
sediments.
Thus,
this
factor,
plus
the
diatom
population
in
the
lake,
more
strongly
influence
the
concentration
of
silicate
in
water
than
do
rock
or
sediment
type.
Only
the
bicarbonate
ion
(reported
as
alkalinity)
can
be
said
to
have
its
abundance
in
the
water
dominated
by
the
basin
rock
type
and
sediment
mineral
composition.
The
higher
alkalinities
of
Lake
Michigan
and
Lake
Huron
waters
are
a
direct
result
of
the
presence
of
carbonate
minerals
in
the
bedrock
and
sediments
of
their
basins.
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CONCLUSIONS
T
h
e
e
f
f
e
c
t
s
o
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s
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i
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t
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h
e
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n
w
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e
r
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a
l
i
t
y
a
r
e
n
o
t
w
e
l
l
d
e
f
i
n
e
d
.
However,
the
s
e
d
i
m
e
n
t
s
are
a
r
e
f
l
e
c
t
i
o
n
of
longeterm
input
from
n
a
t
ur
a
l
and
a
n
t
h
r
o
p
o
g
e
n
i
c
s
o
ur
c
e
s
and,
as
such,
represent
a
powerful
l
o
n
g
—t
e
r
m
m
o
n
i
t
o
r
i
n
g
tool.
M
e
a
n
l
e
v
e
l
s
a
n
d
d
i
s
t
r
i
b
u
t
i
o
n
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
f
o
r
E
h
a
n
d
o
r
g
a
n
i
c
c
a
r
b
o
n
indicate
that
the
s0uthern
sectors
of
both
Lake
Huron
and
Georgian
Bay
have
s
u
f
f
e
r
e
d
a
d
e
c
l
i
n
e
in
w
a
t
e
r
q
u
a
l
i
t
y
d
ue
to
i
n
c
r
e
a
s
i
n
g
lake
p
r
o
d
u
c
t
i
v
i
t
y
.
T
h
e
s
e
southern
basins
show
lower
redox
potentials
and
increased
organic
matter,
contrary
to
w
h
a
t
w
o
u
l
d
be
e
x
p
e
c
t
e
d
f
r
o
m
the
t
e
xt
ur
a
l
p
r
o
p
e
r
t
i
e
s
of
the
s
o
u
t
h
e
r
n
b
a
s
i
n
s
.
In
a
d
d
i
t
i
o
n
,
h
i
g
h
e
r
l
e
V
e
l
s
of
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
w
e
r
e
o
b
s
e
r
v
e
d
in
the
s
o
u
t
h
e
r
n
b
a
s
i
n
s
e
d
i
m
e
n
t
s
of
L
a
k
e
H
u
r
o
n
,
l
i
k
e
l
y
d
ue
to
a
n
t
h
r
o
p
o
g
e
n
i
c
e
n
r
i
c
h
m
e
n
t
.
S
ur
f
a
c
e
e
n
r
i
c
h
m
e
n
t
of
sediment
in
Lake
Huron
was
observed
for
Hg,
Pb,
Zn,
Cd,
and
Cu
d
ue
to
the
i
n
f
l
ue
n
c
e
of
m
a
n
'
s
activities.
This
was
p
a
r
t
i
c
ul
a
r
l
y
true
in
the
r
e
g
i
o
n
of
S
a
g
i
n
a
w
Bay
and
the
southern
basins
of
the
lake.
In
the
n
o
r
t
h
—
ern
basins,
increased
surface
Pb
concentrations
are
believed
to
be
due
to
atmos—
pheric
loadings
to
the
lake
and
associated
watershed.
High
Hg
values
in
the
Manitoulin
basin
are
ascribed
to
mineralization
in
the
limestones
of
the
eastern
part of the lake.
In
Georgian
Bay,
high
co—existing
levels
of
Hg,
As,
Pb,
and
Zn
were
observed
in
some
basin
sediments,
particularly
in
Lion's
Trough.
These
are
due
to
sphal—
erite
mineralization
extending
eastwards
from
the
known
occurrences
in
the
Bruce
Peninsula.
Sediment
data
further
indicate
that
Hg
enrichment
has
occurred
in
the
southern
part
of
Georgian
Bay,
presumably
derived
from
the
industrial
region
in
Collingwood
and
from
the
Midland
Bay
area.
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n
e
d
i
n
A
p
p
e
n
d
i
x
D.
LAKE HURON
T
h
e
w
a
t
e
r
c
h
e
m
i
s
t
r
y
o
f
L
a
k
e
H
u
r
o
n
i
s
d
e
t
e
r
m
i
n
e
d
b
y
a
n
u
m
b
e
r
o
f
n
a
t
u
r
a
l
a
n
d
c
u
l
t
u
r
a
l
p
h
e
n
o
m
e
n
a
.
T
h
e
m
o
s
t
s
i
g
n
i
f
i
c
a
n
t
f
a
c
t
o
r
s
i
n
c
l
u
d
e
(a)
t
h
e
g
e
o
l
o
g
y
o
f
t
h
e
b
a
s
i
n
;
(b)
i
n
p
u
t
s
f
r
o
m
L
a
k
e
M
i
c
h
i
g
a
n
,
L
a
k
e
S
u
p
e
r
i
o
r
,
G
e
o
r
g
i
a
n
B
a
y
,
a
n
d
S
a
g
i
n
a
w
B
a
y;
(c)
i
n
p
u
t
s
f
r
o
m
t
h
e
a
t
m
o
s
p
h
e
r
e
;
a
n
d
(d)
t
h
e
e
f
f
e
c
t
s
o
f
a
c
t
i
v
i
t
i
e
s
o
f
m
a
n
.
T
h
e
g
e
o
l
o
g
y
o
f
t
h
e
i
m
m
e
d
i
a
t
e
d
r
a
i
n
a
g
e
b
a
s
i
n
o
f
L
a
k
e
H
u
r
o
n
is
d
o
m
i
n
a
t
e
d
b
y
s
e
d
i
—
m
e
n
t
a
r
y
c
a
r
b
o
n
a
t
e
s
,
s
h
a
l
e
s
,
a
n
d
s
a
n
d
s
t
o
n
e
s
(2).
T
h
e
c
a
r
b
o
n
a
t
e
f
o
r
m
a
t
i
o
n
s
a
r
e
q
u
i
t
e
s
o
l
u
b
l
e
a
n
d
c
o
n
t
r
i
b
u
t
e
a
m
o
d
e
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
,
p
a
r
—
t
i
c
ul
a
r
l
y
c
a
r
b
o
n
a
t
e
s
,
to
the
ground
water
and
tributaries.
Similar
g
e
o
l
o
g
i
c
a
l
substrata
exist
to
the
we
s
t
of
Lake
Huron
and
exert
a
similar
i
n
f
l
ue
n
c
e
on
L
a
k
e
Michigan.
C
r
y
s
t
a
l
l
i
n
e
b
e
d
r
o
c
k
formations
of
granite,
gneiss,
and
schist
lie
to
the
north
of
Lake
Huron.
These
crystalline
formations
are
less
soluble
but
are
rich
in
silicates
and
cause
higher
silicate
concentrations
in
Lake
Superior
than
in Lake Huron.
The
geology
of
the
drainage
basins
of
Lakes
Michigan
and
Superior
are
pertinent
to
a
discussion
of
Lake
Huron's
water
chemistry
because
Lake
Huron
receives
a
substantial
amount
of
its
total
water
input
from
the
outflow
of
these
two
lakes.
Northern
and
central
Lake
Huron
act
as
mixing
areas
for
the
inputs
from
Lake
Superior,
Lake
Michigan,
and
Georgian
Bay.
The
southern
part
of
the
lake
receives
numerous
tributary
inputs.
The
largest
of
these
is
the
Saginaw
River.
Further
input
comes
from
wet
and
dry
deposition
from
the
overlying
atmos—
phere.
Anthropogenic
contributions
to
the
chemical
limnology
of
a
lake
include
land
use
activities
and
wastes
from
municipalities
and
industries.
Industrial
and
municipal
point
source
discharges
are
major
inputs
in
the
Saginaw
Bay
area
and
on
the
Ontario
shoreline
of
southern
Lake
Huron.
The
relative
importance
of
these
various
inputs
is
discussed
in
detail
in
C
h
a
p
t
e
r
3
.
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 GEORGIAN BAY
The chemical character of Georgian Bay is primarily a result of the geo—
logical character of its drainage basin, and water exchange with Lake Huron and
the North Channel.
Georgian Bay lies astride a major geological boundary. Its north and east
coasts are bordered by the silica—rich schists and gneisses of the Canadian
Shield, while its south and west coasts are underlain by the carbonate—rich
limestones and shales of the St. Lawrence Platform. These geological differences
are manifested as chemical differences in the water in different regions of the
bay.
The interchange of Georgian Bay water with that of Lake Huron and the North
Channel is considerable, even though net exchange is not large. The net flow of
Georgian Bay water into Lake Huron amounts to only about 3% of the bay's volume,
but the total exchange of water between the two water bodies is almost 8 times
this amount (Chapter 5.1). The exchange of Georgian Bay water with North Channel
water is highly variable, but on an annual basis there is a net flow of about
0.5% of the bay's volume from Georgian Bay into the North Channel. Total water
exchange here is double this amount, but is still only 1% of the bay's volume
and, therefore, water exchange in this area alters water quality only in the
region of Georgian Bay adjacent to the North Channel. See also Chapter 5.1.
As a result of these influences, the chemistry of different parts of the bay
can exhibit characteristics unique to the bay itself, can resemble that of Lake
Huron, or can resemble that of the North Channel. Depending on the season and
the area of the bay all three influences can be identified.
Man's influence on the chemistry of Georgian Bay has been derived mostly
from the outfall of the smelting operations in Sudbury. Typically, these emis—
sions contribute sulphate, iron, copper, nickel, and zinc to the bay, both by
direct fallout onto the bay itself and by increased contributions from its tri—
butaries. Nutrient loadings are significant only in the population centres of
Owen Sound, Parry Sound, and Penetanguishene—Midland. However, only the
Penetanguishene—Midland contribution is detectable in the main bay.
NORTH CHANNEL
It is difficult to characterize the chemistry of North Channel. Its small
size, small volume, and shallow depth combine to enforce the existence of a large
dynamic component in its basin. North Channel is subject to the inflows of the
St. Marys, Serpent, Mississagi, and Spanish Rivers, whose combined annual dis—
charge into the channel constitutes about 46% of the channel's volume. When
added to the net Georgian Bay inflow, the total annual inflow of water into the
North Channel is about 48% of the channel's volume. This large turnover of water
is reflected in an extremely short residence time for the channel (see Chapter
5.1) and in a highly variable water chemistry.
Th
e
g
e
o
l
o
g
y
o
f
t
h
e
N
o
r
t
h
C
h
a
n
n
e
l
e
x
e
r
t
s
n
o
m
e
a
s
u
r
a
b
l
e
e
f
f
e
c
t
o
n
i
t
s
w
a
t
e
r
chemistry,
probably
because
it
is
overwhelmed
by
the
flow—through
of
water
in
the
channel.
Anthropogenic
inputs
have
a
significent
effect
0
North
Channel.
Ammonia
loadings
to
the
St.
Marys
River
from
Algoma
Steel
Corpo-
ration
are
extremely
high
and
are
manifested
as
high
ammonia
concentrations
along
the
north
shore
of
the
channel.
Other
mining,
industrial,
and
domestic
wastes
add
nutrientS,
PhenOIS,
SUlPhate,
Cyanide,
and
radioactive
material
to
the
North
Channel
from
the
Serpent,
Spanish,
and
St.
Marys
Rivers.
See
Chapters
3
and
4
for detailed discussions.
DATA BASE
L
a
k
e
H
u
r
o
n
wa
s
sampled
extensively
in
1974
by
the
Canada
Centre
for
Inland
waters
(CCIW)
(3),
the
Great
Lakes
Research
Division
(GLRD)
of
the
University
of
Michigan
(4),
and
Region
V
of
the
U.S.
Environmental
Protection
Agency
(EPA)
(5).
Collectively,
the
data
from
these
sources
give
good
temporal
and
spatial
coverage
of
Lake
Huron.
Therefore,
data
presented
here
are
combined
from
the
three
sources.
n the water quality of
All
data
employed
in
this
study
of
Georgian
Bay
were
collected
by
CCIW
in
1974 (6).
All
data
to
be
discussed
for
the
North
Channel
were
collected
by
CCIW
in
1974 (7).
SEGMENTATION
To
reflect
regional
differences
in
water
quality
and
to
facilitate
the
pre—
sentation
of
findings,
the
Reference
Group
divided
both
nearshore
and
open
water
areas
into
segments.
The
rationale
for
segmentation
is
given
in
Chapter
4.1.
For
simplification,
only
a
limited
number
of
segments
will
be
discussed
in
detail.
The
other
segments
will
be
discussed
when
their
characteristics
differ
signifi—
cantly
from
these
basic
segments.
The
open
water
segments
for
Lake
Huron
and
the
North
Channel
are
shown
in
Figure
5.3—3
and
for
Georgian
Bay
in
Figure
5.3-4.
LAKE HURON
Segment
6
is
the
largest
segment
in
the open waters
of
Lake
Huron.
It
represents
an
area
in
the
central
portion
of
Lake
Huron
relatively
unaffected
by
external
inputs
such
as
tributaries,
flow
from
other
water
bodies,
and
anthro—
pogenic
activities,
and
although
it is
large,
it
is quite
homogeneous.
There—
fore,
Segment
6 will
serve
as the
basic
segment
for discussing
the
chemistry
of
all the other open water segments of the lake.
In the following discussion,
"central Lake Huron" will be synonomous with Segment 6.
GEORGIAN BAY
Segment 17 is the largest segment of Georgian Bay both in area and in volume.
Segment
17 is isolated from the shore and, therefore, is the most homogeneous and
least time—variable of the Georgian Bay segments.
Therefore, Segment 17 will
serve as the basic segment for discussion of the chemistry of Georgian Bay.
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 NORTH CHANNEL
The
var
iab
le
nat
ure
of
the
Nor
th
Cha
nne
l c
hem
ist
ry
ove
rwh
elm
s a
ll
oth
er
cons
ider
atio
ns i
n it
s de
scri
ptio
n.
Thus
, no
sing
le "
base
line
" of
chem
ical
data
is
appl
icab
le
to t
he N
orth
Chan
nel
as a
whol
e.
This
has
nece
ssit
ated
the
incl
usio
n of
dat
a f
or
all
thr
ee
seg
men
ts
of
the
Nor
th
Cha
nne
l,
and
als
o h
as
pre
dic
ate
d a
sli
ght
ly
diff
eren
t a
ppro
ach
in t
he d
iscu
ssio
n of
the
data
.
In t
he d
iscu
ssio
n of
the
Nort
h
Chan
nel
chem
istr
y,
emph
asis
has
been
plac
ed o
n co
ncen
trat
ion
rang
es o
ver
the
whol
e
wate
r bo
dy,
rath
er
than
on t
he m
ean
conc
entr
atio
ns
in a
ny o
ne
segm
ent.
Beca
use
Segme
nt 2
is th
e le
ast v
ariab
le o
f the
North
Chann
el s
egmen
ts,
it co
mes
the c
loses
t
to being a basic segment for North Channel.
NUTRIENTS
LAKE HURON
PHOSPHORUS
Phos
phor
us
is f
requ
entl
y ci
ted
as t
he l
imit
ing
nutr
ient
for
alga
l gr
owth
.
Tota
l p
hosp
horu
s,
tota
l di
ssol
ved
phos
phor
us,
and
diss
olve
d re
acti
ve p
hosp
hate
s
leve
ls f
or t
he e
pili
mnio
n (t
op 1
0 m)
and
hypo
limn
ion
(bel
ow 1
0 m)
of S
egme
nt 6
are
list
ed b
y se
ason
in T
able
s 5.
3—1
and
5.3—
2,
and
plot
ted
in F
igur
es 5
.3—1
and
5.3—
2.
Mean
tota
l ph
osph
orus
valu
es a
re l
ess
than
6.0
ug/R
at a
ll t
imes
.
Ther
e is
a
sli
ght
sum
mer
dep
let
ion
in
tot
al
pho
sph
oru
s i
n t
he
epi
lim
nio
n (
Fig
ure
5.3
—1)
.
Sea
son
al
var
iat
ion
due
to
bio
log
ica
l p
roc
ess
es
is
not
exp
ect
ed
sin
ce
tot
al
pho
s—
phor
us
incl
udes
phos
phor
us
diss
olve
d in
wate
r an
d ph
osph
orus
in t
he p
lank
toni
c
alga
l ce
lls.
The
depl
etio
n mu
st
ther
efor
e be
due
to p
hysi
cal
proc
esse
s su
ch a
s
sedimentation.
Diss
olve
d ph
osph
orus
comp
ound
s ar
e ex
pect
ed
to f
luct
uate
seas
onal
ly a
s a
resu
lt
of t
heir
inco
rpor
atio
n in
to g
rowi
ng a
lgae
.
Diss
olve
d ph
osph
orus
and
dis—
solve
d re
activ
e ph
ospha
te co
ncent
ratio
ns a
re re
lativ
ely
high
in ea
rly
sprin
g pri
or
to th
e spr
ing
plank
ton b
loom
(Figu
re 5
.3—1)
. T
here
is a
rapid
loss
of di
ssolv
ed
phosphorus and dissolved reactive phosphates coincident with the spring plankton
bloom
. T
hey
remai
n low
throu
ghout
the
growi
ng s
eason
and
incre
ase
sligh
tly w
ith
the a
pproa
ch o
f win
ter.
Tempe
ratur
e da
ta s
how t
hat
the
time
of t
he ve
rnal
lake
overturn corresponds to that of the spring phosphorus peak (See Chapter 5.1). Mean
seasonal concentrations of dissolved phosphorus in central Lake Huron are around
3.0 ug/Z. Mean dissolved reactive phosphate concentrations are less than 1.0 ug/ﬁ,
with the lowest values occuring in late summer.
Figure 5.3—3 depicts the total phosphorus concentrations for all of the Lake
Huron segments. Phosphorus levels in all of the segments follow the same sea—
sonal trend as discussed for Segment 6. Differences between segments are evi—
dent, however. Total phosphorus concentrations near Saginaw Bay (Segment 7) are
higher than central Lake Huron, as are regions receiving inputs from Lake Michigan,
Lake Superior, and Georgian Bay. Although the differences among segments amount to
only about 0.5 ug/Q, they are consistent among all the data and are significant
in a statistical sense when compared by ananalysis of variance test. Through not
depicted here, dissolved phosphorus in all segments averages about 2.5 ug/z,
and dissolved reactive phosphates are seldom greater than 1.0 ug/Q in any area
of Lake Huron with no substantial differences among segments.
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i
_
_
_
—
_
_
_
_
_
J
_
 N
I
T
R
O
G
E
N
Nit
rog
en
com
pou
nds
in
lak
e w
ate
rs
are
als
o i
mpo
rta
nt
for
alg
al
gro
wth
. T
hey
ar
e
in
co
rp
or
at
ed
in
to
al
ga
l
ce
ll
s
du
ri
ng
gr
ow
th
and
ar
e
re
le
as
ed
wi
th
de
at
h
and
‘
dec
ay
of
the
cel
ls.
The
ref
ore
,
dis
sol
ved
nit
rog
en
con
cen
tra
tio
ns
in
the
epi
lim
—
ni
on
wo
ul
d
be
ex
pe
ct
ed
to
de
cr
ea
se
du
ri
ng
th
e
gr
ow
in
g
se
as
on
an
d
in
cr
ea
se
as
al
ga
l
gr
ow
th
sl
ow
s
in
th
e
fal
l.
Th
is
pa
tt
er
n
do
es
exi
st
for
ni
tr
at
e
+
ni
tr
it
e
ni
tr
og
en
in
ce
nt
ra
l
La
ke
Hu
ro
n'
s
ep
il
im
ni
on
(T
ab
le
5.
3—
1)
.
Th
e
di
ff
er
en
ce
s
be
tw
ee
n
th
e
sp
ri
ng
ma
xi
mu
m
co
nc
en
tr
at
io
n
an
d
th
e
su
mm
er
mi
ni
mu
m
co
nc
en
tr
at
io
n
is
50
ug
/l
fa
ll
in
g
fr
om
28
2.
4
to
23
2.
6
ug
/Q
.
Di
ss
ol
ve
d
am
mo
ni
a
va
lu
es
fo
r
th
e
ep
il
im
ni
on
of
ce
nt
ra
l
La
ke
Hu
ro
n
ar
e
ve
ry
lo
w
wi
th
av
er
ag
es
us
ua
ll
y
be
lo
w
10
ug
/Z
(T
ab
le
5.
3—
1)
.
No
se
as
on
al
tr
en
ds
ar
e
ev
id
en
t.
Th
e
lo
w
va
lu
es
re
su
lt
fr
om
th
e
te
nd
en
cy
of
am
mo
ni
a
to
be
qu
ic
kl
y
ox
i—
di
ze
d
to
ni
tr
it
e
an
d
ni
tr
at
e
in
an
ox
yg
en
at
ed
en
vi
ro
nm
en
t
su
ch
as
La
ke
Hu
ro
n
an
d
fr
om
th
e
se
le
ct
iv
e
us
e
of
am
mo
ni
a
as
a
ni
tr
og
en
so
ur
ce
by
mo
st
al
ga
e
(8
).
Ni
tr
at
e
va
lu
es
in
th
e
ep
il
im
ni
on
of
ot
he
r
se
gm
en
ts
of
La
ke
Hu
ro
n
fo
ll
ow
th
e
sa
me
se
as
on
al
tr
en
d
as
in
th
e
ce
nt
ra
l
la
ke
,
bu
t
th
er
e
ar
e
di
ff
er
en
ce
s
in
co
nc
en
—
tr
at
io
ns
am
on
g
se
gm
en
ts
(F
ig
ur
e
5.
3—
3)
.
Th
e
La
ke
Mi
ch
ig
an
wa
te
r
ma
ss
(S
eg
me
nt
5)
is
ab
ou
t
50
ug
/l
lo
we
r
in
ni
tr
at
e
+
ni
tr
it
e
th
an
ce
nt
ra
l
La
ke
Hu
ro
n.
Wa
te
r
fr
om
Ge
or
gi
an
Ba
y
(S
eg
me
nt
9)
ha
s
si
mi
la
r
ni
tr
at
e
+
ni
tr
it
e
le
ve
ls
in
th
e
sp
ri
ng
an
d
fa
ll
as
ce
nt
ra
l
La
ke
Hu
ro
n,
bu
t
th
e
su
mm
er
mi
ni
mu
m
is
ab
ou
t
90
ug
/%
gr
ea
te
r
th
an
in
th
e
ce
nt
ra
l
pa
rt
of
th
e
la
ke
.
Th
es
e
di
ff
er
en
ce
s
ar
e
st
at
is
ti
ca
ll
y
si
gn
if
ic
an
t.
Th
ou
gh
no
t
po
rt
ra
ye
d
he
re
,
am
mo
ni
a
co
nc
en
tr
at
io
ns
in
th
e
ep
il
im
ni
on
of
th
e
ot
he
r
se
gm
en
ts
of
th
e
la
ke
al
so
sh
ow
no
se
as
on
al
tr
en
ds
bu
t
ar
e
di
ff
er
en
t
fr
om
_
ce
nt
ra
l
La
ke
Hu
ro
n.
Fr
eq
ue
nt
ex
tr
em
el
y
hi
gh
am
mo
ni
a
va
lu
es
ar
e
pr
es
en
t
at
ir
re
gu
—
'ﬁ
la
r
ti
me
in
te
rv
al
s
in
so
ut
he
rn
La
ke
Hu
ro
n
(S
eg
me
nt
8)
an
d
es
pe
ci
al
ly
ne
ar
Sa
gi
na
w
HE
Ba
y
(S
eg
me
nt
7)
.
Th
es
e
hi
gh
va
lu
es
ma
ybe
du
e
to
al
ga
l
di
eo
ff
s
as
we
ll
as
th
e
v
in
fl
ue
nc
e
of
an
th
ro
po
ge
ni
c
in
pu
ts
.
f
Ni
tr
og
en
co
nc
en
tr
at
io
ns
in
th
e
hy
po
li
mn
io
n
(T
ab
le
5.
3—
2)
ar
e
ge
ne
ra
ll
y
hi
gh
er
th
an
in
th
e
ep
il
im
ni
on
.
Th
is
is
pa
rt
ic
ul
ar
ly
tr
ue
in
th
e
ca
se
of
ni
tr
at
e
i
+
ni
tr
it
e
in
su
mm
er
.
Al
ga
l
ac
ti
vi
ty
is
mu
ch
le
ss
in
th
e
da
rk
er
,
co
ld
er
hy
po
li
m—
%
ni
on
,
re
su
lt
in
g
in
le
ss
ni
tr
og
en
ut
il
iz
at
io
n
th
an
in
th
e
ep
il
im
ni
on
.
Th
us
,
ﬂ_
se
as
on
al
d
i
f
f
e
r
e
n
c
e
s
in
th
e
h
yp
o
l
i
m
n
i
o
n
ar
e
le
ss
pr
on
ou
nc
ed
bu
t
in
th
e
sa
me
U
di
re
ct
io
n
as
in
th
e
ep
il
im
ni
on
.
‘
T
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
e
p
i
l
i
m
n
i
o
n
an
d
th
e
h
y
p
o
l
i
m
n
i
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
is
a
m
e
a
s
u
r
e
o
f
t
h
e
u
t
i
l
i
z
a
t
i
o
n
of
a
n
u
t
r
i
e
n
t
,
or
n
u
t
r
i
e
n
t
d
e
p
l
e
t
i
o
n
(9
).
T
h
i
s
d
e
f
i
—
n
i
t
i
o
n
a
s
s
u
m
e
s
t
h
a
t
n
o
l
i
g
h
t
p
e
n
e
t
r
a
t
e
s
to
th
e
h
y
p
o
l
i
m
n
i
o
n
a
n
d
t
h
us
no
p
h
y
t
o
p
l
a
n
k
—
t
o
n
g
r
o
w
t
h
e
r
e
t
o
u
s
e
t
h
e
n
u
t
r
i
e
n
t
s
.
If
p
h
y
t
o
p
l
a
n
k
t
o
n
a
r
e
g
r
o
w
i
n
g
i
n
t
h
e
h
y
p
o
—
l
i
m
n
i
o
n
,
u
t
i
l
i
z
a
t
i
o
n
c
a
n
s
t
i
l
l
b
e
m
e
a
s
u
r
e
d
a
s
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
c
o
n
c
e
n
-
N
t
r
a
t
i
o
n
o
f
a
n
u
t
r
i
e
n
t
a
t
s
p
r
i
n
g
s
t
r
a
t
i
f
i
c
a
t
i
o
n
a
n
d
a
t
s
u
m
m
e
r
m
i
n
i
m
u
m
.
I
n
t
h
e
'
U
p
p
e
r
L
a
k
e
s
,
n
u
t
r
i
e
n
t
u
t
i
l
i
z
a
t
i
o
n
c
a
n
b
e
u
s
e
d
a
s
a
k
e
y
t
o
t
h
e
s
t
a
t
e
a
n
d
r
a
t
e
o
f
e
u
t
r
o
p
h
i
c
a
t
i
o
n
(
1
0
)
.
F
o
r
n
i
t
r
a
t
e
+
n
i
t
r
i
t
e
n
i
t
r
o
g
e
n
,
u
t
i
l
i
z
a
t
i
o
n
i
n
c
e
n
t
r
a
l
L
a
k
e
H
u
r
o
n
is
4
9
.
8
p
g
/
l
(
F
i
g
u
r
e
5
.
3
—1
)
.
T
h
i
s
a
m
o
u
n
t
s
to
a
u
t
i
l
i
z
a
t
i
o
n
or
d
e
p
l
e
t
i
o
n
I
rate of 0.55 ug/Q-d.
 
TABLE 5.3—1
 
NUT
RIE
NT
CON
CEN
TRA
TIO
NS
IN
THE
EPI
LIM
NIO
N
OF
CENTRAL LAKE HURON (SEGMENT 6)a
 
Par
ame
ter
Win
ter
Spr
ing
Sum
mer
Fal
l
Tot
al
2.4
5.4
4.4
5.6
Pho
sph
oru
s
(18
)
(94
)
(58
)
(30
)
(pg
P/R
)
{0.
9}
{2.
3}
{1.
5}
{O
8}
Tot
al
Dis
sol
ved
1.2
3.2
2.8
3.3
Pho
sph
oru
s
(18
)
“(92
)
(59
)
(30
)
(pg p/z) {0.5} {1.7} {0.9} {0.5}
Dis
sol
ved
Rea
cti
ve
0.9
0.7
0.7
Pho
sph
ate
s
—
(71
)
(47
)
(28
)
(pg P/Q) {0.5} {0.3} {0.3}
Dis
sol
ved
Nit
rat
e
275
.9
282
.4
232
.6
251
.8
+ N
itr
ite
(18
)
(98
)
(58
)
(30
)
(pg
N/z)
{7.9
}
{37.
5}
{53.
6}
{30.
9}
Dis
sol
ved
6.1
5.0
3.7
Amm
oni
a
-
(98
)
(58
)
(21
)
(pg
N/R)
{5.8
}
{3.6
}
{1.9
}
Dis
sol
ved
Rea
cti
ve
1.9
3
1.4
6
1.1
1
1.3
7
Sil
ica
te
(18)
(98)
(58)
(30)
(mg
3102
/8)
{0.1
7}
{0.3
2}
{0.2
8}
{0.7
7}
Diss
olve
d
13.5
13.2
10.0
11.4
Oxy
gen
(18)
(71)
(47)
(30)
(mg/
2)
{0.3
}
{1.0
}
{0.9
}
{0.8
}
pH
7.7
8.3
8.3
8.3
(18) (98) (59) (30)
{0.0} {0.1} {0.1} {0.1}
    
a.
The three values represent the arithmetic mean, the number of samples
in parentheses, and the standard deviation in brackets.
combined from surveys in 1974 by CCIW, GLRD, and EPA (3,4,5).
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 TABLE 5.3—2
NUTRIENT CONCENTRATIONS IN THE HYPOLIMNION OF
CENTRAL LAKE HURON (SEGMENT 6)a
 
Pa
ra
me
te
r
Wi
nt
er
Sp
ri
ng
Su
mm
er
Fa
ll
To
ta
l
2.
9
5.
9
5.
7
5.
8
Ph
os
ph
or
us
(23
)
(1
15
)
(73
)
(53
)
(u
g
P/
l)
{1
.2
}
{2
.5
}
{1
.9
}
{1
.1
}
To
ta
l
Di
ss
ol
ve
d
1.
8
3.
3
2.
9
3.
4
Ph
os
ph
or
us
(23
)
(11
3)
(70
)
(53
)
(p
g
P/
l)
{1
.3
}
{1
.9
}
{1
.2
}
{0
.7
}
Di
ss
ol
ve
d
Re
ac
ti
ve
0.
8
I
0.
8
0.
7
Ph
os
ph
at
es
-
(9
0)
(5
3)
(4
9)
(p
g
P/
l)
{0
.6
}
{0
.3
}
{0
.3
}
Di
ss
ol
ve
d
Ni
tr
at
e
27
8.
4
29
8.
7
25
9.
9
27
6.
9
+
Ni
tr
it
e
(2
3)
(1
19
)
(7
3)
(5
3)
(p
g
N/
l)
{8
.9
}
{2
6.
6}
{5
7.
2}
{2
5.
2}
Di
ss
ol
ve
d
7.
1
9.
7
3.
1
Am
mo
ni
a
—
(1
19
)
(7
3)
(3
5)
(u
s
N/
R)
{7
-6
}
{6
.5
}
{2
-5
}
Di
ss
ol
ve
d
Re
ac
ti
ve
1.
97
1.
61
1.
54
1.
56
Si
li
ca
te
(2
3)
(1
18
)
(7
3)
(5
3)
(m
g
51
02
/2
)
{0
.1
5}
{0
.1
9}
{0
.4
1}
{0
.3
2}
D
i
s
s
o
l
v
e
d
13
.1
13
.6
12
.4
11
.9
Ox
yg
en
(2
3)
(9
1)
(5
4)
(5
3)
(m
g/
2)
{0
.5
}
{0
.5
}
{0
.8
}
{0
.6
}
p
H
7
.
7
8
.
2
8
.
2
8
.
1
(
2
3
)
(
1
1
9
)
(
7
3
)
(
5
3
)
{
0
.
0
3
}
{
0
.
1
1
}
{
0
.
2
2
}
{
0
.
1
3
}
     
T
h
e
t
h
r
e
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
t
h
e
a
r
i
t
h
s
a
m
p
l
e
s
i
n
p
a
r
e
n
t
h
e
s
e
s
,
a
n
d
t
h
e
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
D
a
t
a
a
r
e
c
o
m
b
i
n
e
d
f
r
o
m
s
u
r
v
e
y
s
i
n
1
9
7
4
b
y
C
C
I
W
,
G
L
R
D
,
a
n
d
E
P
A
(3,4,5)-
e
m
e
t
i
c
m
e
a
n
,
t
h
e
n
u
m
b
e
r
o
f
on in brackets.
3
8
6
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FIGURE 5.3-1
VARIATION IN NUTRIENT CONCENTRATIONS FOR SEGMENT 6 OF LAKE HURON IN 1974 (3,4,5)
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FIGURE 5.3—3
NUTRIENT CONCENTRATIONS IN THE EPILIMNION OF
LAKE HURON IN 1974, Units: Total Phosphorus in
ugP/IL; Nitrate in ugN/l; Reactive Silicate in mg SiOZ/R.
Da
ta
are
cr
ui
se
av
er
ag
es
;
N
=
nu
mb
er
of
cr
uis
es
.
Th
e
open waters do not include nearshore areas, harbours,
and embayments .
Open waters are generally defined as
those waters more than about 3 km offshore or with a
depth greater than about 15 m. Therefore, the open water
segments do not extend to the shoreline; the intervening
nearshore segments are shown in Figure 4.1—1.
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 R
E
A
C
T
I
V
E
S
I
L
I
C
A
T
E
Sil
ica
te
is
an
imp
ort
ant
nut
rie
nt
for
the
gro
wth
of
dia
tom
alg
ae.
Dia
tom
s
req
uir
e l
arg
e a
mou
nts
of
sil
ica
tes
for
use
in
the
for
mat
ion
of
the
ir
cel
l w
all
s.
Ot
he
r
gr
ee
n
al
ga
e
an
d
bl
ue
~g
re
en
al
ga
e
do
no
t
ha
ve
Si
li
ce
ou
s
ce
ll
wa
ll
s.
Th
er
e-
for
e,
si
li
ca
te
co
nc
en
tr
at
io
n
ca
n
be
an
im
po
rt
an
t
fa
ct
or
in
co
nt
ro
ll
in
g
th
e
ty
pe
of
al
ga
e
do
mi
na
nt
in
a
wa
te
r
bo
dy
(1
0)
.
In
cen
tra
l
Lak
e
Hur
on,
ave
rag
e
sea
son
al
dis
sol
ved
rea
cti
ve
sil
ica
te
con
cen
-
tr
at
io
ns
ra
ng
e
be
tw
ee
n
1.
0
an
d
2.
0
mg
/R
(T
ab
le
s
5.
3—
1
an
d
5.
3-
2)
.
Ep
il
im
ni
on
va
lu
es
ar
e
lo
we
r
in
th
e
su
mm
er
th
an
at
ot
he
r
ti
me
s
of
th
e
ye
ar
(F
ig
ur
e
5.
3—
2)
.
As
wi
th
ni
tr
at
e,
th
e
su
mm
er
de
pl
et
io
n
ca
n
be
at
tr
ib
ut
ed
to
al
ga
l
up
ta
ke
.
Th
e
de
pl
et
io
n
ra
te
fo
r
si
li
ca
te
in
ce
nt
ra
l
La
ke
Hu
ro
n
is
3.
6
ug
/Q
-d
(F
ig
ur
e
5.
3—
2)
.
Wa
te
r
fr
om
La
ke
Su
pe
ri
or
(S
eg
me
nt
4)
is
ch
ar
ac
te
ri
st
ic
al
ly
hi
gh
in
si
li
ca
te
,
wh
er
ea
s
wa
te
r
fr
om
La
ke
Mi
ch
ig
an
(S
eg
me
nt
5)
is
lo
w
(F
ig
ur
e
5.
3—
3)
.
Th
es
e
di
f—
fe
re
nc
es
ar
e
at
tr
ib
ut
ab
le
to
th
e
di
ff
er
en
t
ge
ol
og
y
of
th
e
tw
o
la
ke
s
an
d
to
th
e
la
rg
er
di
at
om
po
pu
la
ti
on
s
in
La
ke
Mi
ch
ig
an
re
mo
vi
ng
si
li
ca
te
s
fr
om
th
e
wa
te
r.
Ot
he
r
se
gm
en
ts
ha
ve
si
li
ca
te
co
nc
en
tr
at
io
ns
si
mi
la
r
to
co
nc
en
tr
at
io
ns
in
th
e
ce
n-
tr
al
pa
rt
of
La
ke
Hu
ro
n.
Al
l
se
gm
en
ts
sh
ow
th
e
Su
mm
er
si
li
ca
te
de
pl
et
io
n
in
th
e
epilimnion.
OXYGEN AND pH
A
di
sc
us
si
on
of
di
ss
ol
ve
d
ox
yg
en
an
d
pH
is
in
cl
ud
ed
in
th
e
nu
tr
ie
nt
ch
em
is
tr
y
se
ct
io
n
be
ca
us
e
bo
th
ar
e
pr
of
ou
nd
ly
in
fl
ue
nc
ed
by
al
ga
l
gr
ow
th
.
Th
e
co
mb
in
at
io
n
of
al
ga
l
ph
ot
os
yn
th
es
is
,
re
sp
ir
at
io
n,
an
d
de
co
mp
os
it
io
n
gr
ea
tl
y
in
fl
ue
nc
es
th
e
le
ve
l
of
di
ss
ol
ve
d
ox
yg
en
an
d
ca
rb
on
di
ox
id
e
in
a
la
ke
.
Wh
en
di
ss
ol
ve
d
in
wa
te
r,
ca
rb
on
di
ox
id
e
ex
is
ts
as
ca
rb
on
ic
ac
id
,
ha
vi
ng
a
ma
jo
r
ef
fe
ct
on
pH
.
Th
er
ef
or
e,
bo
th
pH
an
d
di
ss
ol
ve
d
ox
yg
en
ar
e
in
di
re
ct
ly
ti
ed
to
nu
tr
ie
nt
s.
Di
ss
ol
ve
d
ox
yg
en
in
th
e
op
en
wa
te
rs
of
La
ke
Hu
ro
n
is
al
wa
ys
at
or
ne
ar
10
0%
sa
tu
ra
ti
on
(T
ab
le
s
5.
3—
1
an
d
5.
3—
2)
.
Th
e
lo
we
st
si
ng
le
va
lu
e
me
as
ur
ed
in
th
e
19
74
d
a
t
a
w
a
s
7.
5
m
g
/
l
(7
3%
of
sa
tu
ra
ti
on
).
Th
is
le
ve
l
of
o
xy
g
e
n
is
we
l
l
a
b
o
ve
th
e
Ag
re
em
en
t
ob
je
ct
iv
e
of
6.
0
mg
/Q
an
d
sh
ou
ld
po
se
no
pr
ob
le
ms
fo
r
a
he
al
th
y
aq
ua
ti
c
fa
un
a.
V
a
l
u
e
s
d
e
c
r
e
a
s
e
in
su
mm
er
(F
ig
ur
e
5.
3—
2)
bu
t
th
is
d
e
c
r
e
a
s
e
is
a
t
t
r
i
b
ut
e
d
p
r
i
m
a
r
i
l
y
to
th
e
r
e
d
uc
e
d
ab
il
it
y
of
wa
rm
er
wa
te
r
to
ho
ld
o
xy
g
e
n
ra
th
er
t
h
a
n
to
a
r
e
d
u
c
t
i
o
n
du
e
to
al
ga
l
r
e
s
p
i
r
a
t
i
o
n
or
or
ga
ni
c
m
a
t
t
e
r
de
ca
y.
H
y
p
o
l
i
m
n
i
o
n
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
v
a
l
u
e
s
r
e
m
a
i
n
h
i
g
h
t
h
r
o
u
g
h
o
u
t
th
e
ye
ar
.
V
a
l
u
e
s
f
o
r
p
H
a
r
e
a
l
s
o
a
l
w
a
y
s
w
i
t
h
i
n
t
h
e
A
g
r
e
e
m
e
n
t
o
b
j
e
c
t
i
v
e
r
a
n
g
e
(
T
a
b
l
e
s
5
-
3
-
1
a
n
d
5
.
3
—
2
)
.
A
l
m
o
s
t
c
o
n
s
t
a
n
t
p
H
v
a
l
u
e
s
a
r
e
f
o
u
n
d
i
n
c
e
n
t
r
a
l
L
a
k
e
H
u
r
o
n
,
ne
Ve
r
a
v
e
r
a
g
i
n
g
l
e
s
s
t
h
a
n
7.
7
no
r
m
o
r
e
th
an
8.
3
(F
ig
ur
e
5.
3—
2)
.
H
yp
o
l
i
m
n
i
o
n
v
a
l
u
e
s
a
r
e
s
l
i
g
h
t
l
y
l
e
s
s
t
h
a
n
e
p
i
l
i
m
n
i
o
n
v
a
l
u
e
s
.
D
i
f
f
e
r
e
n
c
e
s
e
x
i
s
t
i
n
g
a
m
o
n
g
s
e
g
m
e
n
t
s
(
n
o
t
p
o
t
r
a
y
e
d
h
e
r
e
)
a
r
e
l
a
r
g
e
l
y
a
t
t
r
i
b
u
t
e
d
t
o
t
h
e
i
n
f
l
u
e
n
c
e
o
f
c
h
e
m
i
-
c
a
l
l
y
d
i
f
f
e
r
e
n
t
w
a
t
e
r
e
n
t
e
r
i
n
g
t
h
e
v
a
r
i
o
u
s
r
e
g
i
o
n
s
of
L
a
k
e
H
ur
o
n
.
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GEORGIAN BAY
Variations
in
total
phosphorus,
nitrate
+
nitrite,
and
reactive
silicate
for
all
the
segments
of
Georgian
Bay
are
depicted
in
Figure
5.3—4
and
listed
in
Tables
5.3—3
and
5.3—4
for
Segment
17.
PHOSPHORUS
Concentrations
of
total
phosphorus,
total
dissolved
phosphorus,
and
dis—
solved
reactive
phosphates
are
at
a
maximum
in
April,
decline
to
about
half
this
value
in
May,
and
remain
at
the
lower
level
until
fall
overturn.
After
fall
overturn,
the
concentration
of
all
three
forms
increases
slightly.
Furthermore,
there
is
no
difference
between
epilimnion
and
hypolimnion
phosphorus
concentra—
tions.
These
phenomena
are
illustrated
in
Figure
5.3—5.
Total
phosphorus
values
average
7.5
ug/Q
in
the
hypolimnion
of
the
main
bay
in
April.
Segments
18,
15,
and
3
exhibit
total
phosphorus
concentrations
near
10
ug/Q
at
this
time,
while
in
segment
13,
concentrations
of
only
5
pg/Q
are
found.
This
is
because
total
phosphorus
depletion
starts
earlier
in
the
warmer
sheltered
waters
of
Segment
13.
The
other
three
segments
are
areas
near
the
shore
and
are
influenced
by
the
increased
phosphorus
loadings
of
spring
runoff.
Segment
15
also
is
influenced
by
the
human
waste
discharges
emanating
from
the
Penetang-
Midland area (11).
The
Killarney
and
French
River
areas
(segments
3
and
18,
respectively)
exhibit
higher
April
concentrations
of
total
dissolved
phosphorus
and
dissolved
reactive
phosphates
than
the
rest
of
the
bay
(7.5
and
1.9
ug/R
vs.
5.5
and
1.3
ug/l,
respectively)
because
of
their
near—shore
runoff—influenced
locations.
For
the
period
May
to
December,
total
phosphorus
concentrations
average
4.5
ug/Q,
dissolved
phosphorus
averages
2.5
ug/Q,
and
dissolved
reactive
phosphates
average
0.6
ug/Q.
During
the
period
April
28
-
May
18,
phosphorus
depletion
was
very
rapid,
averaging
0.2
ug/Q-d.
This
rapid
decrease
in
phosphorus
probably
is
the
result
of
a
major
phytoplankton
growth
in
early
May
followed
by
a
period
when
m
uc
h
of
the
organic
matter
settled
out
of
the
water.
This
process
has
been
shown
to
be
e
f
f
e
c
t
i
v
e
in
s
c
a
ve
n
g
i
n
g
p
h
o
s
p
h
o
r
u
s
f
r
o
m
L
a
k
e
E
r
i
e
(12).
NITROGEN
The
hypolimnetic
concentration
of
nitrate
+
nitrite
remains
constant
at
0.26
mg/l
over
almost
all
of
Georgian
Bay.
M
e
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n
h
y
p
o
l
i
m
n
i
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
e
c
o
r
d
e
d
in
D
e
c
e
m
b
e
r
s
h
o
w
a
b
a
y
—
w
i
d
e
i
n
c
r
e
a
s
e
of
a
l
m
o
s
t
20%
to
0
.
3
0
mg/z.
At
present,
no
e
x
p
l
a
n
a
t
i
o
n
for
this
p
h
e
n
o
m
e
n
o
n
exists.
N
i
t
r
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t
e
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i
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r
i
t
e
e
x
h
i
b
i
t
s
a
s
e
a
s
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n
a
l
d
e
p
l
e
t
i
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n
o
f
2
5
%
(
0
.
0
5
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g
/
Q
)
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t
h
e
e
p
i
l
i
m
n
i
o
n
,
r
e
s
u
l
t
i
n
g
in
s
u
r
f
a
c
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
near
0.20
m
g
/
R
in
S
e
p
t
e
m
b
e
r
in
S
e
g
m
e
n
t
17.
T
h
i
s
d
e
p
l
e
t
i
o
n
c
a
n
b
e
e
x
p
r
e
s
s
e
d
in
t
e
r
m
s
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r
a
t
e
c
o
n
s
t
a
n
t
o
f
0
.
5
5
u
g
/
z
-
d
,
i
d
e
n
t
i
c
a
l
w
i
t
h
t
h
a
t
o
b
s
e
r
v
e
d
i
n
c
e
n
t
r
a
l
L
a
k
e
H
u
r
o
n
a
n
d
c
l
o
s
e
to
t
h
e
0
.
4
9
ug
/
l
-
d
d
e
p
l
e
t
i
o
n
r
a
t
e
f
o
un
d
in
the
N
o
r
t
h
Channel.
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TAB
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5.3
—3.
NUTRIENT CONCE
NTRATIONS IN TH
E EPILIMNION O
F SEGMENT 17
OF GE
ORGIA
N BAY
DURIN
G 197
4a
Parameter
Apr.28—May 2 May 18—23 June 18—22 July 28—Aug.2 Sept.1-5 Oct.6—11 Dec.5—7
 
Total
Phosphorus
(
u
g
P
/
Q
)
Total
Diss.
Phosp
horus
(ug P/Q)
Diss.React.
Phosphates
(ug P/l)
Diss. Nitrate
+
Nitrite
(U8 N/i)
Dissolved
Ammonia
(U8
N/ﬂ)
Diss. React.
Silicate
(mg 5102/2)
Dissolved
Oxy
gen
(mg
/2)
pH
 
7.9 3.8
4.6 3.9
2.8 ~ 5.0
4.8
1.4 0.6 0.6 0.4 0.6 0.7 1.0
256 252
244 207
205 213
282
3.0 3.1
4.1 2.3
4.0 3.0
—
1.35 1.4
1 1.30
0.93 0.7
8 0.96
1.29
14.0 13.
8 13.1
9.6 9.3
10.7 12.0
8.24 8.2
7 7.96
8.16 8.4
3 8.28
8.12
       
a. The values re
present the volum
e weighted means
over the top 10 m
of the water colu
mn-
Tllnl I'— I- 7 II
{
—
—
a. L..\. v u A u pa pr
L vg V A . h h..- vuau...‘.
w..._._b....‘_.. ...\._.-u a,
an L..- pvt-I av u. u
; 9-... wu h p A pvau.
..
TABLE
5.3—4.
NUTRIENT CONCENTRATIONS IN THE HYPOLIMNION OF SEGMENT 17
OF GEORGIAN BA
Y DURING 1974
a
 
Parameter Apr.28—May 2 May 18—22 June 18—22 July 28—Aug.2 Sept.1—5 0ct.6—11 Dec.5—7
Total 7.5 3.9 4.3 4.8 3.3 4.9 5.1
Phosphorus
(Mg P/K)
Total Diss. 5.4 2.2 2.4 2.6 1.7 3.1 3.0
Phosphorus
(ug P/R)
Diss. React. 1.1 0.6 0.6 0.5 0.6 0.8 1.1
Phosphates
(pg P/l)
3
9
3
Diss. Nitrate 255 250 247 238 268 260 297
+
Nitrite
(ug N/R)
Dissolved 2.0 2.9 5.1 3.1 4.9 1.1 -
Ammonia
(ug
N/i)
Diss. React.
1.34
1.40
1.34
1.32
1.36
1.45
1-38
Silicate
(mg 3102/2)
Dissolved 14.0 13.9 13.4 12.9 12.7 12.1 12.0
Oxygen
(mg/2)
pH
8.18 8.24 8.04 8.17 7.98 7.98 8.08
        
a. The values represent the area weighted means at a specific depth in the hypolimnion.
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d
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at
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at
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e
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n
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r
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i
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d
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at
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ra
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r
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d
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c
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.
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c
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c
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b
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i
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b
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c
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b
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u
l
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p
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c
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c
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r
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b
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c
a
u
s
e
t
h
e
N
o
r
t
h
C
h
a
n
n
e
l
i
s
s
o
s
h
a
l
l
o
w
.
E
p
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p
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p
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u
r
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c
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c
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c
r
e
a
s
e
i
n
h
y
p
o
l
i
m
n
e
t
i
c
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
f
r
o
m
w
e
s
t
t
o
e
a
s
t
i
n
t
h
e
N
o
r
t
h
C
h
a
n
n
e
l
.
T
h
i
s
g
r
a
d
i
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c
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c
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i
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c
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i
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p
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c
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c
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c
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Parameter May 14—18 June 22—28
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22—28
Aug
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pt.
1
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0~0ct.
5
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4—10
Tot
al
Phosphorus
(ug P/i)
Total
Diss.
Phosphorus
(pg P/l)
Diss.
React.
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(ug P/Q)
Diss.
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+
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0.7
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0.6
0.6
0.9
Phosphates
(ug P/l)
4
0
1
Diss
. N
itr
ate
289
277
259
240
261
287
+ Nitrite
(
p
g
N
/
S
L
)
Dis
sol
ved
9.4
7.6
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0
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 LAKE HURON
Major ion concentrations and specific conductance for central Lake Huron are
presented in Tables 5.3—11 and 5.3-12. The cations calcium, magnesium, sodium,
and potassium were measured by CCIW and EPA only. Concentrations of these ions
showed very little seasonal variation. Variations do exist among segments.
These variations result from the mixing of different inflowing waters. Lake
Huron water influenced by water from Lake Superior (Segment 4) has an annual
average calcium concentration of 24.3 mg/R compared with 25.1 mg/l in central
Lake Huron; the average concentration in Lake Superior is 13 mg/l (see Volume
111, Chapter 5.3). Water in Lake Huron originating in Lake Michigan (Segment 5)
contains 30.6 mg/R calcium. Southern Lake Huron segments exhibit calcium con—
centrations similar to those in the central segment. The differences among the
segments (including the water masses from Lake Superior and Lake Michigan) are
statistically significant as determined by an analysis of variance test. Similar
patterns are found for magnesium, sodium, and potassium. Average concentrations
for these cations in central Lake Huron are 7.3, 3.1, and 0.8 mg/l, respectively.
The anions chloride and sulphate show little seasonal variation. Chloride
concentrations are highest in winter, reflecting the use of salt for de-icing
roadways. Regional differences are again significant. Water near Saginaw Bay
(Segment 7) and near Lake Michigan (Segment 5) have the highest chloride and
sulphate values, and water in the extreme northwestern tip of Lake Huron (Segment
4, the area influenced bywater from Lake Superior) has the lowest (Figure 5.3—
9).
Alkalinity values (used as a measure of the bicarbonate ion) do show sea—
sonal variations (Tables 5.3—11 and 5.3-12). Bicarbonate is used as a principal
source of carbon in algal photosynthesis. Thus, it is not surprising to find
depressed summer alkalinity values corresponding to increased algal growth.
Precipitation of calcium carbonate could also account for low summer concentra-
tions of alkalinity. Regional alkalinity variation is again a predictable result
of drainage basin geology, with carbonate substrata yielding water with higher
alkalinity than water from siliceous substrata. This is reflected in average
alkalinity values approximately 5 mg/Q higher in water from Lake Michigan (Seg-
ment 5) and 8 mg/R lower in water from Lake Superior (Segment 4) than water in
central Lake Huron. These differences are statistically significant. A dis—
crepancy exists between data collected by CCIW and GLRD. GLRD's values are
consistently higher. Filtration of the samples by CCIW is believed to account
for the differences.
Spe
cif
ic
con
duc
tan
ce
is
a m
eas
ure
of
the
abi
lit
y o
f w
ate
r t
o c
ond
uct
an
electrical current. In a dilute solution, such as freshwater lakes, that ability
depends on the total amount of charged ions dissolved in the water. Thus, spe—
cific conductance is closely associated with ionic strength and dissolved solids.
As such, it is a good indicator of the dissolved substances in a lake. Dissolved
SO
li
dS
(m
g/
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ca
n
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ca
lc
ul
at
ed
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lt
ip
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in
g
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5
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200
uS/
cm
(13
0
mg/2
) (
Figu
re 5
.3—1
0).
The
pred
icta
ble
geog
raph
ical
patt
ern
hold
s (
Figu
re 5
.3-9
).
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c
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p
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TABLE 5.3—12
MAJOR ION CONCENTRATIONS IN THE HYPOLIMNION OF
CENTRAL LAKE HURON (SEGMENT 6)a
       
4!}
i
Parameter
Winter
Spring
Summer
Fall
l ‘
l
,
1 Calcium 24.6 25.6
(m
g/
1)
(2
3)
(16
)
-
_
{0.4} {1.1}
Magnesium 7.8 6.5 7.1 —
(mg/l) (23) (16) (24)
{0.2} {0 3} {0.3}
Sodium 3.1 3.0 3.2 _L
(mg/2) (23) (16) (24) — :
{0.1} {0.1} {0.1} 4"
Potassium 0.8 0.8 0.8 {3|
(mg
/2)
(23
)
(16
)
(24
)
—
-
{0.04} {0.03} {0.05} 1%
Alkalinity 76.1 77.5 75.8 75.3 ”
(mg OaCO3/8) (23) (90) (53) (53)
{0.8} {2.7} {1.5} {1.8}
Chlo
ride
5.7
5.5
5.3
5.4
H
(mg/
2)
(23)
(81)
(73)
(53)
NH
{0.1} {0.5} {0.8} {0.2}
Sul
pha
te
15.
5
13.3
13.7
15.
4
‘
(mg
804/
2)
(23)
(63)
(55)
(53)
3}:
{0.
3}
{2.
4}
{3.
3}
{0.
4}
rm
1}}
Spe
cif
ic
196
204
202
196
§%
Conductance (23) (119) (73) (53) I}
(us
/em
)
{4.
9}
{11
.4}
{19
.1}
{4.
8}
{U
Total
Disso
lved
127
133
131
127
EH
Sol
ids
b
(23
)
(11
9)
(73
)
(53
)
{a
(mg
/2)
{3.
2}
{7.
4}
{12
.4}
{3.
1}
ii
E
l
1
a.
Th
e
th
re
e
va
lu
es
re
pr
es
en
t
th
e
ar
it
hm
et
ic
me
an
,
th
e
nu
mb
er
of
i
sa
mp
le
s
in
pa
re
nt
he
se
s,
an
d
th
e
st
an
da
rd
de
vi
at
io
n
in
br
ac
ke
ts
.
,
Da
ta
ar
e
co
mb
in
ed
fr
om
su
rv
ey
s
in
19
74
by
CC
IW
,
GL
RD
,
an
d
EP
A
(3
,4
,5
).
;
f
b-
Ca
lc
ul
at
ed
fr
om
To
ta
l
Di
ss
ol
ve
d
So
li
ds
=
Sp
ec
if
ic
Co
nd
uc
ta
nc
e
x
0.
65
.
'
See Reference (13).
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SEGMENT 4
      
NAME MEAN MAX MIN N
c1 4.7 5.6 3.9 81
fond 180 202 154 81
ms 117 131 1 100 8J
\ i '
V o. ‘ £5
\
secmcms
NAME MEAN MAX MIN N
CI 6.5 7.0 5,7 7
Conn 238 251 209 7
ms 155 153 1 135 7
    
43'
  
    
SEGMENT 7
NAME MEAN MAX MIN N
CI 6.0 7.3 5.5 15
Cond 208 224 188 14
TDS 135 146 1 122 14
     
FIGURE 5. 3—9
M
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p
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3)
.
N:
 
number of cruises.
Units:
 
6
 
 
 
 
  
   
 
  
 
   
SEGMENIQ
NA
ME
ME
AN
MA
X
MI
N
N
I
c1 1 5.5 5.8 1 5.2 8
Bond 1 197 212 11112 3
m
s
12
8
13
8
11
8
3
      
SEGMENT 6
NAME MEAN MAX MIN N 1
CI 5.4 5.7 4.0 13
Cond 201 219 193 13
TDS 131 142 1 125 1%
   
    
  
    
 
 
Dissolved solids as mg/l.
Values are cruise averages;
  
83'
  
SEGMENTB
NAME MEAN MAX MIN N
8 01 5.3 5,3 4.9 15
Cond 205 222 194 14
ms 1% M411% M
43'
MILES
1o 20 30 4o
0 20 40 so
KILOMETRES
82' 31'
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High
specific
conductance
values
are
prevalent
in
water
coming
from
Lake
Michigan
and
Saginaw
Bay
(Segments
5
and
7)
and
low
values
exist
in
water
from
Lake
Superior
(Segment
4).
This
is
the
same
pattern
characteristic
of
the
major
ions
in Lake Huron.
GEORGIAN BAY
listed
in
Tables
5.3—13
and
5.3—14.
Seasonal
variations
of
total
filtered
alkalinity,
filtered
sulfate,
and
specific
conductance
for
Segment
17
are
plotted
in Figure 5.3—11.
Sodium
and
potassium
concentrations
in
Segment
17
were
2.8
and
0.8
mg/l,
respectively.
Calcium
and
magnesium
concentrations
did
vary
seasonally,
but
only
slightly.
An
increase
in
magnesium
concentration
of
l
mg/R
between
May
and
September
was
general
over
the
entire
bay,
but
concentrations
of
magnesium
were
always
in
the
range
5.9
to
7.0
mg/Q.
 
}
Major
ion
and
specific
conductance
data
for
Segment
17
of
Georgian
Bay
are
I
l
1
t
The
September
maxima
may
simply
be
a
result
of
the
large
volume
of
Lake
Huron
water
which
has
flowed
into
Georgian
Bay.
The
concentration
of
magnesium
1
in
Lake
Huron
water
is
approximately
7
mg/Q
as
opposed
to
the
6
mg/l
norm
for
1
Georgian
Bay.
The
low
(1-2
mg/R)
magnesium
concentration
in
French
River
water
results
in
this
region
(Segment
18)
exhibiting
slightly
lower
(5.1
-
6.0
mg/Q)
concentrations.
For
the
same
reasons,
calcium
concentrations
were
constant
in
most
segments
between
23.7
and
25.0
mg/Q,
with
the
higher
value
being
recorded
in
September.
Once
again,
the
low
calcium
concentration
of
the
French
River
(<10
mg/l)
resulted
in
noticeably
lower
concentrations
of
calcium
in
Segment
18.
In
1
Segment
18,
a
minimum
concentration
of
21.8
mg/R
was
recorded
in
the
spring,
I
while
September
values
were
1
mg/Q
lower
than
the
main
bay
average
of
24—25
mg/l.
The
anions
proved
more
sensitive
tracers
of
water
masses
than
the
cations.
Chloride
concentrations
(Figure
5.3—12)
throughout
the
whole
bay
seldom
varied
from
4.8
to
4.9
mg/R.
However,
in
the
French
River
area,
springtime
surface
(top
10
m)
values
of
less
than
4.0
mg/£
were
recorded
and,
in
the
area
of
Lake
Huron
water
inflow
(Segment
11),
chloride
values
as
high
as
5.7
mg/l
were
measured
in
the
surface
waters
during
the
summer.
Chloride
concentrations
in
the
French
River
and
Lake
Huron
surface
waters
are
3
mg/Q
and
5.2
to
5.7
mg/l,
respectively.
The
French
River
and
Lake
Huron
have
considerable
impact
on
chloride
levels
in
their
respective
zones
of
influence.
The
concentration
of
sulphate
varies
little
throughout
most
of
the
bay,
but
does
follow
a
seasonal
pattern,
reaching
its
minimum
concentration
in
September
and
its
maximum
in
December.
The
September
minimum
can
be
attributed
to
the
influx
of
Lake
Huron
water.
The
December
maximum
may
merely
reflect
the
bay's
return
to
normal
sulphate
concentration
level.
The most variable and, hence, limnologically most useful of the major ion
measurements,
is
alkalinity.
Alkalinity
is
depleted
in
the
surface
waters
of
the
entire
bay
during the
summer.
The
depletion
reaches
a
maximum
in
August.
The
quantity
of
alkalinity
removed
from
the
surface
waters
of
Georgian
Bay
in
the
Summer
amounts
to
almost
1500
kg
of
CaCO3,
or
5.5%
of
the
entire
stock
of
alka-
411
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 4
1
4
OF
GEO
RGI
AN
BAY
TA
BL
E
5.
3—
13
MAJO
R IO
N CO
NCEN
TRAT
IONS
IN T
HE E
PILI
MNIO
N 0F
SEGM
ENT
17
DU
RI
NG
19
74
a
Parameter Apr.28—May 2 May 18—23
June
18—22
Jul
y 2
8—A
ug.
2
Sept.1-5
Oct.6—11 Dec.5-7
_Solids (mg/l)
 
Calcium
(mg/£)
Magnesium
(mg/2)
Sodium
(mg/z)
Potassium
(mg/£)
Alkalinity
(
m
g
Caco
3/2)
Chloride
(mg/2)
Sulphate
(
m
g
S04/2)
Specific
Conductance
(US/cm)
Dissolved b
 
72.6
4.8
15.5
187
122
 
23.8
5.9
2.8
0.8
70.8
4.8
15.7
190
124
70.7
4.8
15.6
193
125
  
66.7
4.6
14.6
175
114
 
24.1
6.6
2.8
69.0
4.9
15.7
181
118
 
70.3
4.8
15.6
184
120
 
71.7
4.8
1
5
.
9
186
121
a. The v
alues rep
resent vo
lume weig
hted mean
s
b. Calculated:
over t
he top
10 m o
f the
water column.
Total dissolved s
olids (mg/£) = Sp
ecific conductanc
e (us/cm) x 0.65.
  
TABLE 5.3—14
MAJOR
ION CONCENTRATIONS
IN THE HYPOLIMNION 0F SEGMENT 17
OF
GEORGIAN
BAY
DURING
1974a
 
Parameter
Apr.28—May2
May 18—23
June 18—22
July
28-Aug.2
Sept.l—5
0ct.6-ll
Dec.5—7
Calcium
-
23.7
—
-
25.0
-
—
(mg/Z)
Magnesium
-
5.9
-
—
7.0
-
-
(mg/K)
Sodium
—
2.8
-
—
2.8
—
-
(mg/Z)
Potassium
-
0.8
-
-
0.8
—
-
(mg
/K)
Alkalinity
72.3
71.2
71.1
70.7
70.8
71.3
71.7
(mg
4
1
5
Chloride
4.8
4.9
4.8
4.9
5.0
4.9
4.8
(mg/Z)
Sulphate
15.6
15.7
15.7
15.4
16.0
15.5
15.9
(
m
g
S
O
4
/
Z
)
Specific
187
190
192
183
184
185
186
Conductance
(US/
cm)
Dissolved
b
122
124
125
119
120
120
121
Solids (mg/Z)
        
a. The values representthe area weighted means at a specific depth in the hypolimnion.
 
b. Calculated: Total dissolved solids (mg/Z) = Specific conductance (uS/cm) x 0.65.
  
84°
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82°
81°
80°
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mete
r M
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50.000121.
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2
5
5
7
s
       
84°
83°
82°
81°
80°
linity
in the
top
10 m
of
the
lake.
This
depletion probably
is a
result
of
precipitation of CaCO3
from
the surface
waters.
Strong
(14)
has
observed
summer
"whitings"
in Lakes Michigan,
Erie,
and
Ontario, which
he
has ascribed
to
the
precipitation of CaC03
in the
surface waters
of
these
lakes.
It
is
likely
that
a
similar
process
is
at work
in Georgian Bay.
The
effect
of
these
whitings
is
to
decrease water
clarity,
therby
limiting
the
amount
of
light
available
to
the
bio—
logical community.
Geology significantly impacts the alkalinity content of the water of Georgian
Bay.
Alkalinity
concentrations
increase
from
less
than
66 mg/2
to
almost
75
mg/2
as one movesfrom the silicic granites and gneisses of the north and east coasts
(Segments 16 and
18) to the paleozoic limestones of the south and west coasts
(Segments 13 and 14) (Figure 5.3-13).
Similar lithological
effects are noted in silicate concentrations and in
specific conductance measurements.
Silicate concentrations are 22% higher in the
northern part and 11% higher in the eastern parts of the bay compared to the
southern and western parts.
Specific conductances are also lower in the north
and east than in the south and west.
All these parameters show a much stronger
north—south gradient than an east-west one, mostly because of the French River
inflow, which exaggerates regional differences.
Specific conductance measurements permit one to identify different water
masses in the bay (Figure 5.3-12).
Segment l7 exhibits specific conductance
values between 180 and 190 uS/cm (117 and 124 mg/2 of dissolved solids).
Maximum
conductance values are found in Segments,11 and 12, where June observations have
been in excess of 200 uS/cm (130 mg/2) (Figure 5.3-14).
This results from the
large influx of water with high specific conductance from Lake Huron into Georgian
Bay in the top 10—20 m of the water column at this time of year.
Segment 18 exhibits the lowest specific conductance values. A minimum
specific conductance of 165 uS/cm (107 mg/K) has been recorded here in the spring.
Low conductance values in this area of the bay reflect the large input of low
conductance water from the French River.
NORTH CHANNEL
The major ion chemistry is the best descriptor of the variable character of
the North Channel because the major ions are far less reactive than the nutrients.
The major source waters of the North Channel (St. Marys River, Georgian Bay,
Spanish River, and Serpent River) all have distinctly different chemical composi-
tions. The net effect of these different chemical loadings is a large vari—
ability in the major ion chemistry of the North Channel.
Major ion and specific conductance data for the North Channel are tabulated
in Tables 5.3-15 through 5.3—20. Seasonal variation in total filtered alka—
linity, filtered sulfate, filtered chloride, and specific conductance for Segment
2 are plotted in Figure 5.3—15.
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 TA
BL
E
5.
3—
15
.
MA
JO
R
ION
CO
NC
EN
TR
AT
IO
NS
IN
TH
E
EP
IL
IM
NI
ON
OF
SE
GM
EN
T
1
OF
TH
E
NO
RT
H
CH
AN
NE
L
DU
RI
NG
19
74
a
Parameter
May 14—18
June 22-2
8 Jul
y 22—28
Aug.26—Se
pt.l
Sept.30—O
ct.5
Dec.4—lO
Calc
ium
15.4
——
__
25.0
__
__
(
m
g
/
K
)
Magn
esiu
m
3.4
—_
__
4.1
__
__
(mg/K)
Sodiu
m
1,8
——
-_
2.1
__
__
(mg/K)
Potas
sium
0.6
——
-—
0.7
——
__
(mg/4)
 
Alkalinity
48.5 49
.3 51.5
51.5
54.8
53.4
(
m
g
C
a
c
o
3
/
K
)
4
2
0
Chloride
2.3
2.4
2.4
2.7
3.0
2.8
(mg/K)
Sulphate
6.4
6.7
7.3
7.9
8.8
8.2
(
m
g
5
0
4
/
2
)
Specific 1
23 12
8 122
142
134
132
Condu
ctanc
e
(us/cm)
Dissolved
b 80
83
79
92
87
86
Solids (mg/K?
a. The values re
present volume we
ighted means over
the top 10 m of t
he water column.
        
b. Calcu
lated: T
otal diss
olved sol
ids (mg/K
) = Speci
fic condu
ctance (u
s/cm) x 0
.65.
 
 T
A
B
L
E
5
.
3
—
1
6
.
M
A
J
O
R
I
O
N
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
T
H
E
E
P
I
L
I
M
N
I
O
N
O
F
S
E
G
M
E
N
T
2
O
F
T
H
E
N
O
R
T
H
C
H
A
N
N
E
L
D
U
R
I
N
G
1
9
7
4
a
P
a
r
a
m
e
t
e
r
M
a
y
1
4
-
1
8
J
u
n
e
2
2
—
2
8
J
u
l
y
2
2
—
2
8
A
u
g
.
2
6
—
S
e
p
t
.
l
S
e
p
t
.
3
0
—
O
c
t
.
5
D
e
c
.
4
—
l
O
C
a
l
c
i
u
m
2
1
.
0
—
—
—
—
2
2
,
9
_
_
_
-
(
m
g
/
Z
)
M
a
g
n
e
s
i
u
m
5
.
2
—
-
—
-
5
,
2
_
_
_
_
(mg/K)
S
o
d
i
u
m
2
.
7
—
—
—
-
2
,
9
_
-
_
_(m
g
/
Z
)
P
o
t
a
s
s
i
u
m
0
.
7
—
—
—
—
0
_
8
_
_
_
_
(
m
g
/
Z
)
A
l
k
a
l
i
n
i
t
y
6
1
.
6
5
9
.
4
5
8
.
4
5
8
.
5
6
4
.
8
6
5
.
8
(
m
g
C
a
c
o
3
/
Z
)
4
2
1
C
h
l
o
r
i
d
e
4
.
4
4
.
3
4
.
1
4
.
2
4
.
7
4
.
6
(
m
g
/
K
)
S
u
l
p
h
a
t
e
1
3
.
5
1
3
.
1
1
3
.
4
1
3
.
8
1
4
.
1
1
4
.
0
(
m
g
5
0
4
/
1
)
S
p
e
c
i
f
i
c
1
7
0
1
6
3
1
5
5
1
5
6
1
7
3
1
7
3
C
o
n
d
u
c
t
a
n
c
e
(
u
s
/
c
m
)
D
i
s
s
o
l
v
e
d
b
1
1
1
1
0
6
1
0
1
1
0
1
1
1
2
1
1
2
S
o
l
i
d
s
(
m
g
/
Z
)
        
a
.
T
h
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
v
o
l
u
m
e
w
e
i
g
h
t
e
d
m
e
a
n
s
o
v
e
r
t
h
e
t
o
p
1
0
m
o
f
t
h
e
w
a
t
e
r
c
o
l
u
m
n
.
b
.
C
a
l
c
u
l
a
t
e
d
:
T
o
t
a
l
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
(
m
g
/
K
)
S
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
(
U
S
/
c
m
)
X
0
.
6
5
.
 4
2
2
M
A
J
O
R
I
O
N
T
A
B
L
E
5
.
3
-
1
7
.
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
T
H
E
E
P
I
L
I
M
N
I
O
N
O
F
S
E
G
M
E
N
T
3
O
F
T
H
E
N
O
R
T
H
C
H
A
N
N
E
L
D
U
R
I
N
G
1
9
7
4
a
  
P
a
r
a
m
e
t
e
r
M
a
y
1
4
—
1
8
J
u
n
e
2
2
—
2
8
J
u
l
y
2
2
—
2
8
A
u
g
.
2
6
-
S
e
p
t
.
1
S
e
p
t
.
3
0
—
O
c
t
.
5
D
e
c
.
4
-
1
0
 
C
a
l
c
i
u
m
(
m
g
/
Z
)
M
a
g
n
e
s
i
u
m
(
m
g
/
Z
)
S
o
d
i
u
m
(
m
g
/
K
)
P
o
t
a
s
s
i
u
m
(
m
g
/
Z
)
A
l
k
a
l
i
n
i
t
y
(mg
CaCO
3/K)
C
h
l
o
r
i
d
e
(
m
g
/
Z
)
S
u
l
p
h
a
t
e
(mg
s
o
a
l
z
)
S
p
e
c
i
f
i
c
C
o
n
d
u
c
t
a
n
c
e
(
U
S
/
C
m
)
D
i
s
s
o
l
v
e
d
S
o
l
i
d
s
(
m
g
/
K
)
17
6
11
4
 
21.7
5
.
4
2.
7
0
.
8
6
2
.
1
4
.
6
14
.7
 
6
2
.
5
4
.
6
1
4
.
8
17
0
11
1
 
1
5
.
0
16
0
10
4
 
2
1
.
2
5
.
5
3
.
0
0
.
8
5
9
.
1
4
.
6
1
5
.
0
16
0
104
 
6
0
.
8
4.
6
1
4
.
8
167
10
9
 
6
4
.
1
4.
6
1
4
.
4
17
1
11
1
a
.
T
h
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
v
o
l
u
m
e
w
e
i
g
h
t
e
d
m
b
.
C
a
l
c
u
l
a
t
e
d
:
T
o
t
a
l
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
(
m
g
/
Z
)
=
S
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
(
u
s
/
c
m
)
x
0
.
6
5
.
e
a
n
s
o
v
e
r
t
h
e
t
o
p
1
0
m
o
f
t
h
e
w
a
t
e
r
c
o
l
u
m
n
.
 
4
2
3
 
TABLE 5.3-18.
MAJOR ION CONCENTRATIONS IN THE HYPOLIMNION OF SEGMENT 1
OF THE NORTH CHANNEL
DURING 1974a
P
a
r
a
m
e
t
e
r
May
14-18
June
22-28
July
22—28
Aug.26—Sept.l
Sept.30—Oct.5
Dec.4—10
 
C
a
l
c
i
u
m
(mg/£)
Magnesium
(mg/2)
Sodium
(mg/2)
Potassium
(mg/2)
A
l
k
a
l
i
n
i
t
y
(mg
CaCO3/I)
Chloride
(mg/1)
Sulphate
(
m
g
804/1)
Specific
Conductance
(HS/cm)
Dissolved
Solids
(mg/2)
 
2
0
.
7
5.0
2
.
3
0
.
7
56.8
3.4
9
.
9
152
.99
 
6
8
.
3
1
2
.
8
1
7
4
113
66.1
13.6
1
6
5
107
  
2.8
——
-
70.4
67.8
64.9
14.8
13.3
11.6
182
173
163
118
112
106
  
a.
The
values
represent
the
area
weighted
means
in
the
hypolimnion.
b.
Calculated:
Total
dissolved
solids
(mg/2)
=
Specific
conductance
(HS/cm)
x
0.65.
 
 
 4
2
4
M
A
J
O
R
I
O
N
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
T
H
E
H
Y
P
O
L
I
M
N
I
O
N
0
F
O
F
T
H
E
N
O
R
T
H
C
H
A
N
N
E
L
D
U
R
I
N
G
1
9
7
4
a
T
A
B
L
E
5
.
3
-
1
9
.
S
E
G
M
E
N
T
2
P
a
r
a
m
e
t
e
r
M
a
y
1
4
—
1
8
J
u
n
e
2
2
-
2
8
J
u
l
y
2
2
—
2
8
A
u
g
.
2
6
-
S
e
p
t
.
l
S
e
p
t
.
3
0
—
O
c
t
.
5
De
c.
4-
10
 
C
a
l
c
i
u
m
2
1
.
7
(mg/K)
M
a
g
n
e
s
i
u
m
5
.
4
(
m
g
/
Z
)
S
o
d
i
u
m
2
.
9
(
m
g
/
£
)
P
o
t
a
s
s
i
u
m
0
.
7
(m
g/
Z)
A
l
k
a
l
i
n
i
t
y
6
2
.
9
(
m
g
O
a
C
O
3
/
K
)
C
h
l
o
r
i
d
e
4
.
4
(
m
g
/
K
)
S
u
l
p
h
a
t
e
_
1
3
.
3
(mg
504/3)
S
p
e
c
i
f
i
c
1
7
1
C
o
n
d
u
c
t
a
n
c
e
(
H
S
/
c
m
)
 
D
i
s
s
o
l
v
e
d
b
1
1
1
S
o
l
i
d
s
(
m
g
/
K
ﬁ
6
4
.
8
4.
6
1
3
.
2
17
2
1
1
2
  
—
—
2
0
.
5
-
5
.
7
—
-
3
.
0
—
-
0
.
8
6
8
.
6
6
9
.
7
1
4
.
6
1
5
.
0
1
7
3
1
8
3
1
1
2
1
1
9
  
6
8
.
8
5.
0
1
4
.
5
180
11
7
 
6
7
.
0
4.
6
1
4
.
2
17
6
11
4
a
.
T
h
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
b
.
C
a
l
c
u
l
a
t
e
d
:
t
h
e
a
r
e
a
w
e
i
g
h
t
e
d
m
e
a
n
s
i
n
t
h
e
h
y
p
o
l
i
m
n
i
o
n
.
T
o
t
a
l
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
(
m
g
/
£
)
=
S
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
(
H
S
/
c
m
)
x
0
.
6
5
.
  
4
2
5
a
OF THE NORTH CHANNEL
DURING 1974
TABLE 5.3-20.
MAJOR
ION
CONCENTRATIONS
IN THE
HYPOLIMNION
OF
SEGMENT
3
 
Parameter
May
14-18
June
22—28
July
22—28
Aug.26—Sept.1
Sept.30-Oct.5 Dec.4—1O
 
Calcium
(m
g/
K)
M
a
g
n
e
s
i
u
m
(mg/K)
Sodium
(mg/K)
P
o
t
a
s
s
i
u
m
(
m
g
/
K
)
Alkalinity
(mg
CaCO3/Z)
Chloride
(m
g/
K)
Sulphate
(mg
5
0
4
/
2
)
Specific
Conductance
(u S/cm)
Dissolved
Solids
(mg/£)b
 
2
1
.
8
5
.
3
2.7
6
2
.
3
4
.
7
1
4
.
5
1
7
5
114
 
62.8
4.7
1
4
.
9
170
111
 
63.5
4.6
15.0
166
108
 
20.8
5
.
6
2.9
1.0
61.0
15.1
1
6
5
107
 
60.8
4.7
1
4
.
8
170
111
 
64.1
4.5
1
4
.
4
171
1
1
1
a.
The
values
represent
the
area
weighted
means
in
the
hypolimnion.
b.
Calculated:
Total
dissolved
solids
(mg/Z)
=
Specific
conductance
(us/cm)
x
0.65.
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2
6
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Hy
po
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io
n
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ea
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Vo
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we
ig
ht
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me
an
co
nc
.
ov
er
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p
10
m
-
-
—
—
n
o
8
6
S
(
1
/
0
0
I
O
 
v
0(
D
(
M
D
5
w
)
E
G
I
H
O
'
I
H
O
O
S
H
E
L
L
’
I
H
8
2
0
5
w
)
A
L
I
N
H
V
M
‘
I
V
o
a
u
a
n
n
a
'
I
V
l
O
l
  
I
0
4
1
2
I
0
2
1
0
l
1405
0
E
B
O
N
.
—
(
D
F
O(
D
,
_
v
.
.
 
(
u
m
/
S
“
)
B
O
N
V
L
O
F
I
C
I
N
O
O
(
1
/
'
o
s
5
w
)
O
I
d
I
O
S
d
S
I
0412
 
O
I
n
N
w
l
l
22
07
02
10
04
12
DA
TE
1
22
06
S
L
V
H
d
T
I
'
I
S
G
E
H
B
L
‘
I
H
F
I
G
U
R
E
5
.
3
-
1
5
V
A
R
I
A
T
I
O
N
IN
M
A
J
O
R
I
O
N
C
O
N
C
E
N
T
R
A
T
I
O
N
S
F
O
R
S
E
G
M
E
N
T
2
O
F
I
22
07
04
12
D
A
T
E
14
05
22
06
02
10
T
H
E
N
O
R
T
H
C
H
A
N
N
E
L
D
U
R
I
N
G
19
74
.
Exc
e
p
t
for
p
o
t
a
s
s
i
um
,
all
the
m
a
j
o
r
ions
exhibit
s
i
g
n
i
f
i
c
a
n
t
s
p
a
t
i
a
l
and
t
e
m
p
o
r
a
l
va
r
i
a
t
i
o
n
s
.
P
o
t
a
s
s
i
u
m
is
a
l
wa
ys
found
at
a
c
o
n
c
e
n
t
r
a
t
i
o
n
b
e
t
w
e
e
n
0.7
and
0.8
m
g
/
R
in
the
N
o
r
t
h
Channel,
except
for
its
e
p
i
l
i
m
n
i
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
in
S
e
g
m
e
n
t
1
in
the
spring,
w
h
e
n
a
s
l
i
g
h
t
l
y
lower
c
o
n
c
e
n
t
r
a
t
i
o
n
of
0.6
m
g
/
R
wa
s
fOund.
The
d
i
s
t
r
i
b
u
t
i
o
n
s
of
c
a
l
c
i
um
and
m
a
g
n
e
s
i
u
m
c
l
o
s
e
l
y
r
e
s
e
m
b
l
e
each
o
t
h
e
r
in
the
w
a
t
e
r
s
of
the
N
o
r
t
h
Channel.
C
a
l
c
i
um
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
a
n
g
e
from
20.5
to
21.8
m
g
/
z
in
the
h
y
p
o
l
i
m
n
i
o
n
of
all
three
segments.
The
e
p
i
l
i
m
n
i
o
n
v
a
l
u
e
s
a
r
e
similar,
b
e
i
n
g
w
i
t
h
i
n
the
r
a
n
g
e
21.0
to
22.9
m
g
/
Q
for
Segments
2
and
3.
The
l
o
w
c
a
l
c
i
um
c
o
n
t
e
n
t
(14
mg/2)
of
the
St.
M
a
r
y
s
River
inflow
results
in
spring
c
a
l
c
i
um
con-
c
e
n
t
r
a
t
i
o
n
s
in
the
s
ur
f
a
c
e
w
a
t
e
r
s
in
Segment
1
of
only
15.4
mg/R.
The
St.
M
a
r
y
s
River
affects
the
magnesium
concentrations
in
Segment
1
in
the
same
fashion.
A
minimum
magnesium
concentration
of
3.4
mg/Q
is
found
in
the
surface
waters
of
this
segment
in
the
spring,
compared
to
the
5.0
mg/R
concentration
found
in
the
deeper
(>10
m)
waters.
The
rest
of
the
North
Channel
exhibits
magnesium
con-
centrations
between
5.2
and
5.7
mg/Q.
The
distribution
of
sodium
in
the
North
Channel
follows
the
typical
North
Channel
pattern.
Its
concentration
is
greater
in
Segments
2
and
3
than
in
Segment
1.
Epilimnion
concentrations
of
sodium
increase
from
1.8
mg/l
in
Segment
1
to
3
mg/Q
in
Segment
3.
The
epilimnetic
sodium
concentration
in
Segment
2
is
2.7
to
2.9
mg/Q,
while
hypolimnion
concentrations
range
from
2.3
to
3.0
mg/R
over
the whole channel.
No
representative
range
of
alkalinity
concentrations
is
found
in
the
North
Channel.
In
Segment
2,
hypolimnion
values
range
from
62.9
to
69.7
mg/Q,
while
epilimnion
concentrations
range
from
58.4
to
65.8
mg/R.
A
similar
epilimnion—
hypolimnion
stratification
is
seen
for
Segment
3,
although
the
difference
is
smaller
because
hypolimnion
values
are
lower
(60.8
to
64.1
mg/Q).
Segment
1
is
again
the
most
variable,
having
hypolimnion
concentrations
between
56.8
and
70.4
mg/l
and
surface
concentrations
between
48.5
and
54.8
mg/Q.
Once
again,
the
St.
Marys
River
has
its
greatest
influence
on
the
surface
water
concentration,
while
deeper
waters
are
subject
to
inflow
of
Lake
Huron
water
(high
alkalinity)
as
well
as
St.
Marys
river
water
(low
alkalinity).
As
in
other
Great
Lakes
waters
(6,
14,
15),
there
is
seasonal
depletion
of
alkalinity
in
the
surface
waters
of
the
North Channel.
Specific
conductance
again
indicates
the
variable
character
of
the
water
in
the
North
Channel.
The
Lake
Superior—like
character
of
the
St.
Marys
River
is
expressed
by
low
specific
conductance
values
in
the
surface
waters
of
Segment
1.
In
these
waters,
specific
conductance
ranges
from
122
to
142
uS/cm
(79
to
92
mg/l
0f
dissolved
solids)
while
in
the
hypolimnion,
conductance
values
reached
a
maximum
of
182
uS/cm
(118
mg/Q).
This
hypolimnion
maximum
strongly
suggests
that
there
is
some
intrusion
of
Lake
Huron
water
into
the
North
Channel
in
September.
Without
supporting
current
measurements,
the
magnitude
of
the
inflow
cannot
be
determined.
The
water
exchange
affects
the
Segment
2
chemistry
as
well.
Sup—
portive
evidence
is
found
by
reference
to
the
hypolimnion
concentrations
of
the
o
t
h
e
r
m
a
j
o
r
i
o
n
s
.
427
 
 A
a
»
t
u
r
n
1
3
3
,
7
2
4
A
.
.
 
 
E
p
i
l
i
m
n
i
o
n
c
o
n
d
u
c
t
a
n
c
e
s
a
r
e
h
i
g
h
e
r
i
n
S
e
g
m
e
n
t
s
2
a
n
d
3
t
h
a
n
i
n
S
e
g
m
e
n
t
1
.
I
n
S
e
g
m
e
n
t
s
2
a
n
d
3
,
e
p
i
l
i
m
n
e
t
i
c
s
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
r
a
n
g
e
s
b
e
t
w
e
e
n
1
5
5
a
n
d
1
7
6
u
S
/
c
m
(
1
0
1
a
n
d
1
1
4
m
g
/
2
o
f
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
)
,
w
i
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TRACE METAL CONCENTRATIONS
IN
Filtered water samples.
The caret denotes the analytical detection limit.
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bi
t
co
nc
en
tr
at
io
n
va
ri
a-
ti
on
s.
Le
ad
an
d
ma
ng
an
es
e
va
ry
th
e
le
as
t;
ea
ch
is
no
rm
al
ly
pr
es
en
t
at
a
co
nc
en
-
tr
at
io
n
of
0.
5
ug
/R
or
le
ss
in
al
l
th
re
e
se
gm
en
ts
of
th
e
No
rt
h
Ch
an
ne
l.
Th
er
e
is
so
me
in
di
ca
ti
on
th
at
th
e
Ma
y
le
ad
co
nc
en
tr
at
io
ns
ar
e
hi
gh
er
(u
p
to
0.
8
ug
/l
),
bu
t
no
st
at
is
ti
ca
ll
y
va
li
d
st
at
em
en
t
to
th
is
ef
fe
ct
is
po
ss
ib
le
.
Th
e
ye
ar
ly
ra
ng
e
of
zi
nc
co
nc
en
tr
at
io
ns
ov
er
th
e
wh
ol
e
No
rt
h
Ch
an
ne
l
no
rm
al
ly
li
es
be
tw
ee
n
1.
5
an
d
4.
0
ug
/ﬁ
.
Th
e
lo
we
st
va
lu
es
ar
e
re
po
rt
ed
in
De
ce
mb
er
,
wh
en
av
er
ag
e
zi
nc
co
n—
centrations are less than 1 ug/Z.
Fi
lt
er
ed
ir
on
fo
ll
ow
s
a
pr
ed
ic
ta
bl
e
pa
tt
er
n
th
ro
ug
ho
ut
mo
st
of
th
e
No
rt
h
Ch
an
ne
l.
Ju
ne
(t
he
fi
rs
t
mo
nt
h
da
ta
we
re
co
ll
ec
te
d)
ir
on
co
nc
en
tr
at
io
ns
ar
e
th
e
hi
gh
es
t
of
th
e
ye
ar
,
ra
ng
in
g
fr
om
2.
5
ug
/l
in
Se
gm
en
ts
2
an
d
3
to
6.
6
ug
/R
in
Se
gm
en
t
1.
Th
e
co
nc
en
tr
at
io
ns
in
Se
gm
en
t
1
ar
e
hi
gh
es
t
be
ca
us
e
of
th
e
hi
gh
(>
20
ug
/l
)
ir
on
co
nc
en
tr
at
io
ns
in
th
e
St
.
Ma
ry
s
Ri
ve
r
in
fl
ow
.
Th
e
el
ev
at
ed
le
ve
ls
in
th
e
ri
ve
r
re
fl
ec
t
ir
on
lo
ad
in
g
fr
om
Al
go
ma
St
ee
l
at
Sa
ul
t
St
e.
Ma
ri
e
(s
ee
Ch
ap
te
r
4.3).
 
Fi
lt
er
ed
ir
on
co
nc
en
tr
at
io
ns
ge
ne
ra
ll
y
de
cr
ea
se
fr
om
Ju
ne
to
De
ce
mb
er
to
an
ea
rl
y
De
ce
mb
er
co
nc
en
tr
at
io
n
ne
ar
1 u
g/
Q
ov
er
th
e
en
ti
re
No
rt
h
Ch
an
ne
l.
Ir
on
is
co
nv
er
te
d
fr
om
th
e
di
ss
ol
ve
d
to
th
e
pa
rt
ic
ul
at
e
fo
rm
du
ri
ng
th
e
gr
ow
in
g
se
as
on
(18
).
Th
is
ca
us
es
th
e
la
ke
—w
id
e
de
cr
ea
se
in
di
ss
ol
ve
d
ir
on
co
nc
en
tr
at
io
n
du
ri
ng
the stratified period.
 
Ano
the
r
cur
iou
s
fea
tur
eof
dis
sol
ved
iro
n
in
the
Nor
th
Cha
nne
l
is
the
sud
den
i
dra
mat
ic
cha
nge
in
con
cen
tra
tio
n o
bse
rve
d
in
Seg
men
t
1.
In
Jul
y,
con
cen
tra
tio
ns
r1
as
hig
h
as
12
ug/
l
wer
e
rec
ord
ed
nea
r
the
St.
Mar
ys
Riv
er.
Sep
tem
ber
val
ues
the
n
ret
urn
to
2 u
g/Z
.
Aga
in,
in
Oct
obe
r,
con
cen
tra
tio
ns
inc
rea
sed
up
to
4 u
g/l
in
thi
s a
rea
.
By
Dec
emb
er,
the
mea
n c
onc
ent
rat
ion
was
1 u
g/Z
.
Tho
ugh
it
can
not
be
con
fir
med
,
the
se
pul
ses
may
ref
lec
t e
pis
ode
s o
f h
igh
was
te
dis
cha
rge
int
o t
he
St.
Mar
ys
Riv
er
or
res
usp
ens
ion
of
bot
tom
sed
ime
nts
int
o t
he
wat
er
col
umn
.
i
Cop
per
and
nic
kel
hav
e s
imi
lar
sea
son
al
cyc
les
in
the
Nor
th
Cha
nne
l.
Eac
h
i exhibits its maximum concentration in May. The maximum copper concentration is 4
H1.
ug/
l o
ver
the
ent
ire
bay
.
The
max
imu
m n
ick
el
con
cen
tra
tio
n r
ang
es
fro
m 7
.5
to
f.
9.5
ug/l
. T
he
dis
sol
ved
cop
per
con
cen
tra
tio
n q
uic
kly
dec
rea
ses
to
2 u
g/l
by
Jun
e
:
and
the
n t
o 1
ug/
R b
y D
ece
mbe
r.
The
beh
avi
or
of
nic
kel
is
ide
nti
cal
to
tha
t o
f
‘
cop
per
exc
ept
tha
t i
ts
dif
fer
enc
es
are
mor
e s
pec
tac
ula
r.
Fro
m t
he
May
pea
k
con
cen
tra
tio
ns
of
7.5
to
9.5
ug/Q
, J
une
val
ues
lie
bet
wee
n 1
.5
and
3.5
ug/Q
.
The
December concentration range is 1 to 3 ug/l.
This pattern of behavior for copper and nickel has been observed in Georgian
Bay as well as the North Channel and may also occur in Lake Huron. It must be
concluded that the phenomenon is real and results from the high loads of these
metals carried in the runoff waters and eroded sediment in the spring (19).
#
7
6
7
:
W
a
n
d
a
-
r
-
i
w
a
a
a
;
.
.
.
_
.
_
.
_
~
“
1
.
.
.
;
-
.
,
.
<
<
.
-
:
.
A
.
=
.
_
9
=
_
~
a
.
-
a
w
n
3
.
432
 
4
3
3
100
::-:-
%5o
      
1
m
.
%50
M
n
‘Ni
Zn
  
  
   
       
Q
Q
d
Q
Q
Q
Q
Q
Q
Q
co
"
N
C
‘
O
V
L
O
C
D
N
G
J
C)
(O
O)
 
C)
hi
C
O
N
C
E
N
T
R
A
T
I
O
N
(
H
g
/
z
)
T
R
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R
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O
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water
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TO
XI
C
OR
GA
NI
C
SU
BS
TA
NC
ES
Org
ani
c
sub
sta
nce
s
are
gen
era
lly
fou
nd
at
or
bel
ow
the
ana
lyt
ica
l
det
ect
ion
lim
its
in
the
ope
n w
ate
rs
of
the
Lak
e H
uro
n
sys
tem
.
Tab
le
5.3
-21
lis
ts
the
det
ect
ion
lim
its
whi
ch
app
ly
in
the
fol
low
ing
dis
cus
sio
n.
Cru
ise
s w
ere
con
duc
ted
in
197
4
on
Lak
e H
uro
n,
Geo
rga
in
Bay
,
and
the
Nor
th
Cha
nne
l
for
gat
her
ing
dat
a
on
con
cen
tra
tio
ns
of
tox
ic
org
ani
c
sub
sta
nce
s
in
the
wat
er,
sed
ime
nt,
and
ses
ton
(20
).
PCB
's,
org
ano
chl
ori
ne
pes
tic
ide
s,
and
org
ano
—
phosphorus pesticides were analyzed.
LAKE HURON
Nin
e
sta
tio
ns
wer
e
sam
ple
d
on
Lak
e H
uro
n
in
197
4.
Onl
y w
ate
r
sam
ple
s
wer
e
ana
lyz
ed.
No
PCB
's
or
org
ano
pho
sph
oru
s
pes
tic
ide
s
wer
e
det
ect
ed.
Lin
dan
e,
an
org
ano
chl
ori
ne
pes
tic
ide
,
was
pre
sen
t a
t
eve
ry
sta
tio
n.
Tra
ces
of
hep
tac
hlo
r,
die
ldr
in,
and
p,p
'-D
DE
wer
e f
oun
d a
t o
ne
sta
tio
n e
ach
.
GEORGIAN BAY
Six
sta
tio
ns
wer
e
sam
ple
d
in
Geo
rgi
an
Bay
in
197
4.
PCB
's
wer
e
fou
nd
in
all
ses
ton
and
sed
ime
nt
sam
ple
s,
ran
gin
g f
rom
0.7
to
6.7
ug/
g
in
the
ses
ton
and
fro
m
tra
ces
to
0.0
2 u
g/g
in
the
sed
ime
nts
. T
rac
es
of
lin
dan
e w
ere
fou
nd
in
eve
ry
wat
er
sam
ple
.
Die
ldr
in
was
det
ect
ed
in
3 o
f 5
ses
ton
sam
ple
s.
DDT
res
idu
es
wer
e f
oun
d
in
con
cen
tra
tio
ns
up
to
0.0
20
ug/
g i
n s
ome
sed
ime
nts
and
in
tra
ce
amo
unt
s i
n t
he
seston.
NORTH CHANNEL
Two
sta
tio
ns
in
Nor
th
Cha
nne
l w
ere
sam
ple
d i
n 1
974.
PCB
's
wer
e f
oun
d i
n a
ll
sedi
ment
and
sest
on s
ampl
es.
In t
he s
esto
n,
conc
entr
atio
ns a
vera
ge 1
ug/g
.
In
the
sedi
ment
s, P
CB
conc
entr
atio
ns h
over
ed a
roun
d t
he d
etec
tion
limi
t.
Trac
es o
f
lin
dan
e w
ere
fou
nd
in
all
wat
er
sam
ple
s.
Tra
ces
of
die
ldr
in
wer
e f
oun
d i
n t
he
seston.
HISTORICAL TRENDS
LAKE HURON
Only limited historical chemical data are available for Lake Huron.’ Those
data
that
are a
vaila
ble
must
be i
nterp
reted
cauti
ously
becau
se va
lues
were
pre—
sented as lakewide averages rather than as averages for lake regions. As has
already been pointed Out, significant differences do exist among different
regions within Lake Huron and lakewide averages do not reflect these differences.
Ayers, at al. (21) and Schelske and Roth (22) acknowledged the geographical
variability of Lake Huron's water chemistry and reported their results accord-
ingly, but other authors have not. Also, chemical methodologies have improved
rather significantly in recent years. Therefore, historical data may be somewhat
less reliable than current analyses.
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 TABLE 5.3—21.
Q
U
A
N
T
I
F
I
A
B
L
E
D
E
T
E
C
T
I
O
N
L
I
M
I
T
S
FOR
T
O
X
I
C
O
R
G
A
N
I
C
S
U
B
S
T
A
N
C
E
S
(20).
Substance
Water
Sestona
Sediment
(Hg/K)
(nanograms)
(Hg/8)
Organochlorine Pesticides
 
Lindane
0.005
1
0.001
Heptachlor
0.005
1
0.001
Heptachlor
epoxide
0.005
1
0.001
Aldrin
0.005
1
0.001
Dieldrin
0.005
1
0.01
Endrin
0.01
10
0.001
pp'-DDE
0.005
1
0.001
pp'—DDD
0.005
1
0.001
pp'—DDT
0.005
1
0.001
op'—DDT
0.005
1
0.001
a—Chlordane
0.01
5
0.005
B—Chlordane
0.01
5
0.005
a—Endosulfan
0.01
10
0.01
B—Endosulfan
0.01
10
0.01
pp'—Methoxychlor
0.01
50
0.01
Total
PCB's
0.1
10
0.01
Organophosphorus Pesticides
Phorate
0.003
0.05
0.01
Diazinon
0.005
0.1
0.02
Disulfoton
0.003
0.05
0.01
Ronnel
0.005
0.1
0.02
Methyl Parathion
0.005
0.1
0.02
Malathion
0.005
0.1
0.02
Parathion
0.005
0.1
0.02
Crufomate 0.025 0.5 0.1
Methyl Trithion
0.01
0.2
0.04
Ethion 0.005 0.1 0.02
Carbophenothion
0.01
0.2
0.04
Imidan 0.05 1 0.2
Azinphosmethyl 0.05 l 0.2
Azinphosethyl 0.05 l 0.2
Phosphamidon 0.03 0.5 0.1
Dimethoate 0.005 0.1 0.02
Fenitrothion 0.005 0.1 0.02
     
8.
Since
seston
weights
were
variable,
estimated
limits
are
given
as
absolute quantities
rather
than
as concentrations.
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Da
ta
fr
om
pr
ev
io
us
re
po
rt
s
(2
1,
23
-2
8)
ar
e
su
mm
ar
iz
ed
in
Ta
bl
e
5.
3-
22
.
Ot
he
r
au
th
or
s
(2
,
29
,
30
)
ha
ve
al
so
ex
am
in
ed
ch
em
ic
al
ch
ar
ac
te
ri
st
ic
s
of
La
ke
Hu
ro
n
bu
t
th
ei
r
an
al
ys
es
ha
ve
be
en
ba
se
d
la
rg
el
y
on
th
e
da
ta
in
Ta
bl
e
5.
3-
22
pl
us
da
ta
co
nt
ai
ne
d
in
Be
et
on
(3
1)
.
Be
et
on
's
pa
pe
r
gi
ve
s
a
co
mp
re
he
ns
iv
e
re
vi
ew
of
ea
rl
ie
r
ch
em
ic
al
da
ta
fr
om
La
ke
Hu
ro
n
an
d
su
gg
es
ts
tr
en
ds
.
Th
e
av
er
ag
e
co
nc
en
tr
at
io
ns
fo
r
ch
em
ic
al
pa
ra
me
te
rs
ex
am
in
ed
in
th
is
st
ud
y
ar
e
gi
ve
n
in
Ta
bl
es
5.
3—
1,
5.
3—
2,
5.
3—
11
,
an
d
5.
3—
12
fo
r
ce
nt
ra
l
La
ke
Hu
ro
n.
Al
th
ou
gh
th
es
e
va
lu
es
co
me
fr
om
a
si
ng
le
,
fa
ir
ly
ho
mo
ge
ne
ou
s
se
gm
en
t,
th
ey
ar
e
av
er
ag
ed
ov
er
ea
ch
qu
ar
te
rl
y
sa
mp
li
ng
pe
ri
od
.
Co
mp
ar
is
on
of
th
e
hi
st
or
ic
al
an
d
pr
es
en
t
da
ta
sh
ow
s
ce
rt
ai
n
tr
en
ds
.
Th
e
ch
lo
ri
de
in
cr
ea
se
re
po
rt
ed
by
Be
et
on
(3
1)
ap
pe
ar
s
to
ha
ve
ha
lt
ed
wi
th
co
nc
en
-
tr
at
io
ns
ho
ld
in
g
at
5.
5
mg
/Q
.
Su
lp
ha
te
co
nc
en
tr
at
io
ns
ar
e
sl
ow
ly
in
cr
ea
si
ng
.
No
de
te
ct
ab
le
ch
an
ge
ca
n
be
se
en
fo
r
pH
va
lu
es
.
Si
li
ca
te
is
sl
ow
ly
de
cr
ea
si
ng
.
So
di
um
an
d
po
ta
ss
iu
m
ap
pe
ar
to
be
ho
ld
in
g
at
3.
1
an
d
0.
8
mg
/l
,
re
sp
ec
ti
ve
ly
.
Ot
he
r
ch
em
ic
al
sp
ec
ie
s
ha
ve
to
o
fe
w
hi
st
or
ic
al
da
ta
to
su
gg
es
t
tr
en
ds
.
GEORGIAN BAY
Li
tt
le
hi
st
or
ic
al
da
ta
ar
e
av
ai
la
bl
e
fo
r
Ge
or
gi
an
Ba
y.
Ad
di
ti
on
al
ly
,
th
e
in
st
it
ut
io
n
of
nu
me
ro
us
an
al
yt
ic
al
ch
an
ge
s
ov
er
th
e
ye
ar
s
ha
s
ma
de
di
re
ct
qu
an
—
ti
ta
ti
ve
co
mp
ar
is
on
wi
th
th
e
19
74
nu
tr
ie
nt
da
ta
al
mo
st
im
po
ss
ib
le
.
Co
mp
ar
is
on
of
th
e
19
74
da
ta
wi
th
th
e
da
ta
co
ll
ec
te
d
by
CC
IW
in
19
70
,
19
71
,
an
d
19
72
fo
r
th
e
ma
jo
r
io
ns
an
d
co
nd
uc
ti
vi
ty
sh
ow
s
no
si
gn
if
ic
an
t
ch
an
ge
s
in
these parameters.
NORTH CHANNEL
Th
e
19
74
da
ta
ar
e
th
e
fi
rs
t
op
en
wa
te
r
da
ta
ev
er
co
ll
ec
te
d
fo
r
th
e
No
rt
h
Ch
an
ne
l.
Th
er
ef
or
e,
co
mp
ar
is
on
s
wi
th
pr
ev
io
us
da
ta
ar
e
no
t
po
ss
ib
le
.
SUMMARY
LAKE HURON
Th
e
ch
em
ic
al
li
mn
ol
og
y
of
La
ke
Hu
ro
n
va
ri
es
wi
th
th
e
ge
og
ra
ph
ic
al
re
gi
on
of
th
e
la
ke
.
Th
e
la
rg
es
t
in
fl
ue
nc
es
on
th
e
ch
em
is
tr
y
of
th
e
la
ke
ar
e
th
e
di
ff
er
-
enc
es
in
the
che
mic
al
com
pos
iti
on
of
the
scu
rce
wat
ers
.
Wat
er
ent
eri
ng
Lak
e
Hur
on
fro
m L
ake
Sup
eri
or
is
low
er
in
dis
sol
ved
Sub
sta
nce
s
tha
n
the
res
t
of
the
lak
e.
Con
ver
sel
y,
wat
er
fro
m L
ake
Mic
hig
an
has
hig
her
con
cen
tra
tio
ns
of
dis
—
sol
ved
sub
sta
nce
s
tha
n w
ate
r
in
Lak
e
Hur
on.
The
se
dif
fer
enc
es
are
att
rib
ute
d
to
the
dif
fer
ent
geo
log
y o
f t
he
two
fee
der
lak
es.
Cer
tai
n e
xce
pti
ons
to
the
se
tre
nds
exi
st.
Sil
ica
tes
in
wat
er
der
ive
d f
rom
Lak
e S
upe
rio
r a
re
hig
her
bec
aus
e
of
the
sil
ice
ous
sub
str
ata
.
Nut
rie
nts
in
sur
fac
e w
ate
r
der
ive
d
fro
m
Lak
e M
ich
iga
n
are
low
in
sum
mer
bec
aus
e
hig
h
phy
top
lan
kto
n p
opu
lat
ion
s
ext
rac
t
the
m
fro
m
the
wat
er.
The
cen
tra
l p
art
of
Lak
e H
uro
n i
s a
lar
ge
mix
ing
are
a f
or
wat
ers
der
ive
d
from
the
two
feed
er
lake
s an
d ha
s ch
emic
al c
hara
cter
isti
cs
refl
ecti
ng t
his
mixing.
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3
7
TA
BL
E
5.
3—
22
CHEM
ICAL
DATA
FROM
PREV
IOUS
STUD
IES
ON L
AKE
HURO
N
SOURCE
Parameter
b
Ayer
s(21
)
Allen(23)a
Chand
ler(2
4)
USDI(25)
Weiler and
Ch
aw
la
(2
6)
CCIW(28)C
CCIW(28)C
CCIW(28)C
CCIw(28)b
CCIW
(28)
b
Date of
Sampling
1954
1956 1960
1965
1968
1968 1969
1970
1971
1972
Total Phosphorus
(ug
P/l)
Nit
rat
e
(Hg
N/l)
Diss. Reactive
Silicate
(mg 8
102/1
)
pH
Cal
ciu
m
(mg/1)
Magnesium
(mg
/2)
Sodium
(mg/1)
Potassium
(mg
/2)
Chloride
(mg/l)
Sulphate
(mg/l)
Specific
Condu
ctanc
e
(US/cm)
Tot
al
Dis
sol
ved
Solids
(mg/1)e
  
194d
126
 
26.7
0.85
5.9
13.0
204d
133
 
22.6
6.3
1.0
7.0
19
7d
128
 
13.0
0.
8
1
4
19
0
124
17.2
  
13.9
200
130
 
6.1
267
2
0
1
 
5.3
257
1.5
[33
 
4.3
249
0.82
5.3
14.6
205
133
 
10
203
 
3- Median values.
b-Approximate mean for central Lake Huron taken from contour plots.
C-Hypolimnion values only.
d.Corrected to 25°C.
9-Calcul
ated fro
m Total
Dissolve
d Solids
Specific Conductance x 0.65.
See Reference (13).
 
 i
:&
ﬁe;
;.
,1
t
g?
:3
g
i:
g
L
 
Th
e
la
rg
es
t
in
fl
ue
nc
e
on
th
e
ch
em
is
tr
y
of
th
e
so
ut
he
rn
pa
rt
of
La
ke
Hu
ro
n
is
ma
n.
Be
ca
us
e
of
in
pu
ts
fr
om
an
th
ro
po
ge
ni
c
so
ur
ce
s,
so
ut
he
rn
La
ke
Hu
ro
n
is
mo
vi
ng
sl
ig
ht
ly
to
wa
rd
eu
tr
op
hi
ca
ti
on
(s
ee
Ch
ap
te
r
6.
1)
.
Ev
id
en
ce
of
th
is
ca
n
be
fo
un
d
in
th
e
de
pr
es
se
d
co
nc
en
tr
at
io
ns
of
di
ss
ol
ve
d
nu
tr
ie
nt
s
in
su
mm
er
.
Si
li
ca
te
is
pa
rt
ic
ul
ar
ly
si
gn
if
ic
an
t
in
th
is
re
sp
ec
t.
Hi
gh
si
li
ca
te
va
lu
es
fa
vo
r
de
si
ra
bl
e
di
at
om
al
ga
e
wh
il
e
lo
w
si
li
ca
te
va
lu
es
re
st
ri
ct
di
at
om
gr
ow
th
,
al
lo
wi
ng
un
de
—
si
ra
bl
e
bl
ue
—g
re
en
al
ga
e
to
th
ri
ve
.
Th
es
e
si
gn
s
sh
ou
ld
be
co
ns
id
er
ed
as
ea
rl
y
wa
rn
in
gs
of
po
te
nt
ia
ll
y
mo
re
se
ri
Ou
s
eu
tr
op
hi
ca
ti
on
.
Ba
se
d
on
ch
em
ic
al
co
n—
si
de
ra
ti
on
s,
th
e
op
en
wa
te
rs
of
th
e
la
ke
as
a
wh
ol
e
mu
st
st
il
l
be
co
ns
id
er
ed
ol
ig
ot
ro
ph
ic
.
Th
er
e
ar
e
no
vi
ol
at
io
ns
of
wa
te
r
qu
al
it
y
cr
it
er
ia
,
st
an
da
rd
s,
or
ob
je
ct
iv
es
in
th
e
op
en
wa
te
rs
of
La
ke
Hu
ro
n.
Tr
ac
e
me
ta
ls
ar
e
us
ua
ll
y
fo
un
d
at
ve
ry
lo
w
le
ve
ls
.
Th
e
ex
ce
pt
io
n
is
th
e
co
nc
en
tr
at
io
n
of
co
pp
er
at
ir
re
gu
la
r
ti
me
s.
A
po
te
nt
ia
ll
y
cr
it
ic
al
pr
ob
le
m
is
th
e
OC
Cu
rr
en
ce
of
to
xi
c
or
ga
ni
c
su
bs
ta
nc
es
.
Wh
il
e
mo
st
of
th
es
e
su
bs
ta
nc
es
ar
e
cu
rr
en
tl
y
at
un
de
te
ct
ab
le
co
nc
en
tr
at
io
ns
in
wa
te
r,
th
ey
ma
y
be
ha
za
rd
ou
s
in
th
e
lo
ng
te
rm
;
un
de
te
ct
ab
le
am
ou
nt
s
in
th
e
wa
te
r
ar
e
ev
en
no
w
be
in
g
ma
gn
if
ie
d
by
bi
oa
cc
um
ul
at
io
n
th
ro
ug
h
th
e
fo
od
ch
ai
n
(S
ee
Ch
ap
te
r
5.
6)
.
GEORGIAN BAY
Ge
or
gi
an
Ba
y
di
sp
la
ys
a
mu
lt
ip
li
ci
ty
of
ch
em
ic
al
ch
ar
ac
te
ri
st
ic
s.
Th
er
e
ar
e
ob
vi
ou
s
re
gi
on
al
di
ff
er
en
ce
s
in
th
e
ch
em
is
tr
y
of
th
e
ba
y,
mo
st
of
wh
ic
h
ca
n
be
as
cr
ib
ed
to
lo
ca
l
in
fl
ue
nc
es
.
Fo
r
ex
am
pl
e,
th
e
Fr
en
ch
Ri
ve
r
is
th
e
mo
st
pr
om
i—
ne
nt
de
te
rm
in
an
t
of
th
e
ch
em
is
tr
y
of
Se
gm
en
t
18
.
In
se
gm
en
t
3,
th
e
No
rt
h
Ch
an
ne
l
is
th
e
ma
jo
r
re
gu
la
to
r
of
th
e
re
gi
on
's
ch
em
is
tr
y.
In
Se
gm
en
t
11
,
th
e
lo
ca
l
ch
em
is
tr
y
is
do
mi
na
te
d
by
th
e
in
fl
ow
of
wa
te
r
fr
om
La
ke
Hu
ro
n.
Th
er
e
is
no
ev
id
en
ce
of
si
gn
if
ic
an
t
po
ll
ut
io
n
in
th
e
op
en
wa
te
rs
of
Ge
or
gi
an
Ba
y.
Th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
for
co
pp
er
is
oc
ca
si
on
al
ly
ex
ce
ed
ed
,
es
pe
ci
al
ly
in
th
e
Sp
ri
ng
in
th
e
no
rt
he
rn
pa
rt
of
th
e
ba
y.
Th
er
e
ar
e
no
ot
he
r
rec
ord
ed
vio
lat
ion
s.
0n
the
oth
er
han
d,
the
re
are
ind
ica
tio
ns
of
pot
ent
ial
pro
ble
m a
rea
s.
The
se
inc
lud
e
the
Kil
lar
ney
are
a
(Se
gme
nt
3)
whi
ch,
bec
aus
e
of
sig
nif
ica
nt
nit
rat
e
dep
let
ion
,
app
ear
s
som
ewh
at
eut
rop
hic
.
The
Fre
nch
Riv
er
are
a
(Se
gme
nt
18)
sho
ws
evi
den
ce
of
hea
vy
met
alc
ont
ami
nat
ion
.
The
Pen
eta
ng-
Mid
lan
d
are
a (
Seg
men
t 1
5)
mus
t b
e c
are
ful
ly
mon
ito
red
in
the
fut
ure
to
ens
ure
tha
t t
he
eut
rop
hic
ati
on
pro
ble
m o
f t
his
are
a d
oes
not
ext
end
int
o t
he
ope
n b
ay.
Sim
ila
rly
,
the
Not
taw
asa
ga
Bay
and
Owe
n S
oun
d a
rea
s (
Seg
men
ts
13
and
14)
wil
l r
equ
ire
fut
ure
sur
vei
lla
nce
to
gau
ge
the
eff
ect
s o
f m
an'
s a
cti
vit
ies
on
the
wat
er
qua
lit
y o
f
these areas.
In
ter
ms
of
its
che
mis
try
, G
eor
gia
n B
ay
is
oli
got
rop
hic
.
Max
imu
m n
utr
ien
t
dep
let
ion
is
sma
ll.
Eve
n a
t t
ime
s o
f m
axi
mum
pro
duc
tio
n,
a l
arg
e s
urp
lus
of
epi
lim
net
ic
nit
rat
e,
pho
sph
ate
, a
nd
sil
ica
te
is
ava
ila
ble
.
In
add
iti
on,
oxy
gen
sa
tu
ra
ti
on
le
ve
ls
ar
e
ne
ve
r
le
ss
th
an
95%
.
At
pre
sen
t,
the
spa
tia
l a
nd
tem
por
al
var
iab
ili
ty
in
the
che
mis
try
of
Geo
rgi
an
Bay
is a
ttri
buta
ble
to n
atur
al p
heno
mena
. I
n or
der
of t
he r
elat
ive
impo
rtan
ce
of
their
effec
ts o
n the
bay's
chemi
stry,
the r
egula
ting
varia
bles
are:
excha
nge
with
Lake Huron, inflow of French River water, lithology of the drainage basin, and
exchange with North Channel.
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The
mos
t s
eri
ous
pot
ent
ial
pro
ble
m f
aci
ng
Geo
rgi
an
Bay
is
the
ubi
qui
tOu
s
pre
sen
ce
of
tox
ic
org
ani
c
Sub
sta
nce
s
in
the
sed
ime
nts
and
ses
ton
of
the
bay
.
The
PCB
con
ten
t
of
Geo
rgi
an
Bay
ses
ton
is
the
hig
hes
t
fou
nd
in
any
of
the
Upp
er
Lak
es.
Res
ear
ch
eff
ort
s m
ust
be
mad
e
to
det
erm
ine
the
rea
son
s
for
thi
s.
NORTH CHANNEL
The
Nor
th
Cha
nne
l
che
mis
try
res
pon
ds
to
thr
ee
maj
or
inf
lue
nce
s:
the
St.
Mar
ys
Riv
er,
Geo
rgi
an
Bay
,
and
the
Ser
pen
t
and
Spa
nis
h
Riv
ers
.
Mo
re
th
an
an
y
ot
he
r
fa
ct
or
,
th
e
ch
em
is
tr
y
of
th
e
No
rt
h
Ch
an
ne
l
is
de
te
rm
in
ed
by
the
che
mis
try
of
the
inf
low
thr
oug
h
the
St.
Jos
eph
Cha
nne
l
of
the
St.
Mar
ys
Riv
er.
Thi
s
inf
low
det
erm
ine
s
the
2—y
ear
res
ide
nce
tim
e
of
the
Nor
th
Cha
nne
l,
is
res
pon
sib
le
for
the
obs
erv
ed
eas
t—w
est
con
cen
tra
tio
n
gra
die
nts
,
and
con
tro
ls
the
che
mic
al
dif
fer
enc
es
bet
wee
n
sur
fac
e
and
dee
p w
ate
rs
in
ove
r
50%
of
the
Nor
th
Cha
nne
l.
Thi
s i
nfl
ow,
car
ryi
ng
man
's
ind
ust
ria
l w
ast
es,
cau
ses
the
hig
h a
nd
var
iab
le
con
cen
tra
tio
ns
of
amm
oni
a
and
dis
sol
ved
iro
n
obs
erv
ed
in
the
Nor
th
Channel.
The
dat
a s
ugg
est
tha
t m
ost
of
the
ant
hro
pog
eni
c c
ont
ami
nan
ts
fro
m C
ana
dia
n
sou
rce
s
do
not
rea
ch
the
U.S
.
sid
e
of
the
St.
Mar
ys
Riv
er.
Alt
hou
gh
the
riv
er
flo
w o
n t
he
U.S
.
sid
e i
s t
wic
e t
hat
on
the
Can
adi
an,
the
spr
ing
amm
oni
a c
onc
en—
tra
tio
n o
n t
he
U.S
.
sid
e i
s o
nly
28%
tha
t o
n t
he
Can
adi
an
sid
e
(0.
018
mg/
2 v
s.
0.0
64
mg/
l).
Thu
s,
onl
y a
bou
t o
ne
thi
rd
of
the
amm
oni
a e
nte
rin
g t
he
riv
er
at
Sau
lt
Ste.
Mar
ie,
Ont
ari
o i
s t
ran
spo
rte
d t
o t
he
U.S.
sid
e.
The
effe
cts
on t
he N
orth
Chan
nel
chem
istr
y fr
om t
he o
ther
majo
r i
nflu
ence
s
(Geo
rgia
n Ba
y, S
erpe
nt a
nd S
pani
sh R
iver
s)
are
more
loca
lize
d an
d le
ss s
pec—
tacu
lar.
The
magn
itud
e of
thes
e ef
fect
s is
best
desc
ribe
d by
refe
renc
e to
Figu
re
5.3—
19,
whic
h de
line
ates
the
maxi
mum
area
l ex
tent
of t
hese
infl
uenc
es.
The
para
mete
rs r
espo
ndin
g to
the
rive
r i
nput
s in
clud
e ph
osph
orus
, a
mmon
ia,
sulp
hate
,
and
reac
tive
sili
cate
. T
hose
resp
ondi
ng t
o Ge
orgi
an B
ay i
nflo
w in
clud
e ch
lori
de,
alkalinity, reactive silicate, and nitrate.
The water quality of the open waters of the North Channel is good. Although
phosphorus loadings are high (see Chapter 6.1), it exhibits no characteristics
indicative of a eutrophication problem, nor are there any noticeable deleterious
effects resulting from the input of toxic materials (heavy metals, organics),
although PCB's, lindane, and dieldrin have been detected in the water, sediment,
and/or seston. Heavy metals entering the North Channel as a result of mining
activities in the area could also develop into a problem, affecting both sedi—
ments and the food chain.
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Biological
communities
react
measurably
to
subtle
changes
in
water
quality,
thereby
producing
a
time—integrated
assessment
of
water
quality
which
complements
water chemistry studies.
The
biological
community
is
composed
of
phytoplankton,
zooplankton,
benthic
flora
and
fauna,
and
macrophytes.
Phytoplanktonic
algae
are
the
primary
producers
of
organic
matter
in
the
Upper
Lakes
and
serve
as
a
source
of
food
for
animals
and
nonphotosynthetic
organisms.
The
species
of
algae
that
are
found
are
an
aid
in
evaluating
water
quality.
Zooplankton,
generally
divided
into
crustaceans
and
rotifers,
are
virtually
the
only
grazers
on
phytoplankton
in
the
aquatic
community
and,
as
such,
effect
the
transfer
of
energy
to
higher
trophic
levels.
Benthic
flora
and
fauna
are
bottom—dwelling
organisms;
the
abundance
and
community
struc—
ture
of
the
species
found
indicate
both
water
and
sediment
quality.
Aquatic
macro-
phytes
are
also
primary
producers;
in
addition,
they
provide
a
habitat
for
other
aquatic life.
Chlorophyll
a
is
used
as
an
approximate
measure
of
the
total
amount
of
phyto—
plankton
present
in
a
water
body,
i.e.
the
standing
crop
of
phytoplankton
biomass.
Chlorophyll
a
is,
therefore,
an
indicator
of
the
trophic
status
of
a
water
body.
14
Primary
production,
as
measured
by
the
assimilation
rate
of
C,
is
an
indi-
cation
of
the
productivity
and
trophic
status
of
a
water
body.
This
section
will
discuss
the
biological
factors
cited
above
as
they
relate
to
Lake
Huron,
Georgian
Bay,
and
North
Channel.
The
discussion
will
be
ordered
by
water
body.
This
presentation
complements
the
description
of
nearshore
aquatic
biology,
given
in
Chapter
4.1
and
of
Saginaw
Bay
aquatic
biology,
given
in
Chapter
4.2.
LAKE HURON
PHYTOPLANKTON
The
abundance
and
species
composition
of
phytoplankton
in
Lake
Huron
generally
falls
within
the
range
associated
with
oligotrophic
or
high
quality
waters.
The
Standing
crop,
as
measured
by
chlorophyll
a
averages
less
than
3
ug/Z
except
in
Saginaw
Bay
and
immediately
adjacent
waters
(1,2).
Phytoplankton
assemblages
at
Offshore
stations
are
largely
dominated
by
diatoms
and
microflagellates
thrOughOut
the year.
 Du
ri
ng
th
e
wi
nt
er
,
ty
pi
ca
l
do
mi
na
nt
po
pu
la
ti
on
s
ar
e
As
te
ri
on
el
la
fo
rm
os
a,
Cry
pto
mon
as
ero
sa,
Chr
yso
coc
cus
sp.
,
Fra
gil
ari
a
cro
ton
ens
is,
Mel
osi
ra
isl
and
ica
,
Rh
od
om
on
as
mi
nu
ta
,
St
ep
ha
no
di
sc
us
al
pi
nu
s,
S.
Ni
ag
ar
ae
,
Sy
ne
dr
a
fi
li
fb
rm
is
,
an
d
Ta
be
ll
ar
ia
fé
ne
st
ra
ta
.
Th
es
e
po
pu
la
ti
on
s
ar
e
co
mm
on
co
mp
on
en
ts
of
th
e
ph
yt
op
la
nk
—
to
n
of
mo
st
te
mp
er
at
e,
ol
ig
ot
ro
ph
ic
la
ke
s.
Mo
st
ar
e
to
le
ra
nt
of
lo
w
le
ve
ls
of
nu
tr
ie
nt
en
ri
ch
me
nt
an
d
th
ei
r
ab
un
da
nc
e
du
ri
ng
th
is
pe
ri
od
pr
ob
ab
ly
re
fl
ec
ts
in
cr
ea
se
d
nu
tr
ie
nt
av
ai
la
bi
li
ty
du
ri
ng
is
ot
he
rm
al
co
nd
it
io
ns
on
La
ke
Hu
ro
n.
Du
ri
ng
th
e
wi
nt
er
ci
rc
ul
at
io
n,
po
pu
la
ti
on
s
pr
es
en
t
ar
e
us
ua
ll
y
ev
en
ly
di
st
ri
bu
te
d
th
ro
ug
ho
ut
th
e
wa
te
r
co
lu
mn
,
wi
th
so
me
te
nd
en
cy
to
wa
rd
s
in
cr
ea
se
d
ph
yt
op
la
nk
to
n
de
ns
it
ie
s
ne
ar
th
e
bo
tt
om
ex
ce
pt
at
ve
ry
de
ep
st
at
io
ns
.
In
ge
ne
ra
l,
th
e
an
nu
al
cy
cl
e
of
ph
yt
op
la
nk
to
n
ab
un
da
nc
e
ap
pe
ar
s
to
fo
ll
ow
th
e
us
ua
l
se
qu
en
ce
ob
se
rv
ed
fo
r
la
rg
e,
ol
ig
ot
ro
ph
ic
la
ke
s.
In
cl
ud
ed
ar
e
un
di
st
ur
be
d
re
gi
on
s
in
th
e
Gr
ea
t
La
ke
s
wi
th
a
pr
on
ou
nc
ed
sp
ri
ng
ma
xi
mu
m,
a
su
mm
er
mi
ni
mu
m,
a
we
ak
fa
ll
pu
ls
e,
an
d
in
te
rm
ed
ia
te
ab
un
da
nc
e
du
ri
ng
th
e
wi
nt
er
ci
rc
ul
at
io
n
(3)
.
Th
e
do
mi
na
nt
po
pu
la
ti
on
s
fo
rm
in
g
th
e
sp
ri
ng
ma
xi
mu
m
ar
e
eu
ry
to
pi
c
di
at
om
spe
cie
s
suc
h a
s A
ste
rio
nel
la
fbr
mos
a,
Fra
gil
ari
a
cro
ton
ens
is,
Mel
osi
ra
isl
and
ica
,
Rh
iz
os
ol
en
ia
er
ie
ns
is
,
R.
gr
ac
il
is
,
an
d
Sy
ne
dr
a
fi
li
fb
rm
is
to
ge
th
er
wi
th
fl
ag
el
—
la
te
s
su
ch
as
Cr
yp
to
mo
na
s
sp.
an
d
Di
no
br
yo
n
sp.
Th
e
ma
rk
ed
sp
ri
ng
bl
oo
ms
of
nui
san
ce-
pro
duc
ing
spe
cie
s o
f S
tep
han
odi
scu
s
suc
h
as
S.
bin
der
anu
s
and
S.
ten
uis
,
cha
rac
ter
ist
ic
of
Lak
e
Eri
e,
Lak
e
Ont
ari
o,
and
the
nea
rsh
ore
wat
ers
of
Lak
e M
ich
iga
n,
are
not
dev
elo
ped
in
Lak
e
Hur
on
exc
ept
in
Sag
ina
w
Bay
and
imm
edi
ate
ly
adj
ace
nt
wat
ers
(4,
5).
Fra
gil
ari
a
cap
uci
na,
a
spe
cie
s w
hic
h
has
bee
n
ass
oci
ate
d
wit
h
eut
rop
hic
ati
on
(6)
is
pre
sen
t
at
man
y n
ear
sho
re
sta
tio
ns
sou
th
of
44°
nor
th
lat
i—
tud
e d
uri
ng
the
spr
ing
max
imu
m.
0n
the
bas
is
of
the
dat
a p
res
ent
ly
ava
ila
ble
,
it
app
ear
s t
hat
the
dev
elo
pme
nt
of
the
spr
ing
blo
om
in
Lak
e H
uro
n i
s h
igh
ly
var
iab
le.
 
Sum
mer
ass
emb
lag
es
at
off
sho
re
sta
tio
ns
are
dom
ina
ted
by
dia
tom
s,
par
tic
ula
rly
spe
cie
s o
f C
ycl
ote
ZZa
suc
h a
s C
. c
ome
nsi
s,
C.
com
ta,
C.
mic
hig
ani
ana
, C
. o
ceZ
Zat
a,
and
C.
ste
lli
ger
a,
tog
eth
er
wit
h e
ury
top
ic
spe
cie
s s
uch
as
Fra
gil
ari
a c
rot
one
nsi
s
and
Tab
ell
ari
a f
éne
str
ata
.
The
sum
mer
ass
emb
lag
es
of
the
off
sho
re
wat
ers
of
Lak
e
Hur
on
are
thu
s q
uit
e s
imi
lar
to
Hut
chi
nso
n's
(7)
cla
ssi
c o
lig
otr
oph
ic
dia
tom
asso
ciat
ion
and
may
be c
onsi
dere
d in
dica
tive
of v
ery
low
nutr
ient
avai
labi
lity
in
the
epil
imni
on d
urin
g su
mmer
stra
tifi
cati
on.
Cryp
tomo
nads
(Rho
domo
nas
sp.
and
Cry
pto
mon
as
sp.)
and
chr
yso
phy
cea
n f
lag
ell
ate
s (
Chr
yso
coc
cus
sp.,
MbZ
Zom
ona
s s
p.,
and
Ochr
omon
as
sp.)
and
the
chlo
roph
ycea
n fl
agel
late
Pedi
mona
s mi
nuti
ssim
a ar
e
generally present in samples and may be locally abundant. One of the unusual
char
acte
rist
ics
of t
he s
umme
r ph
ytop
lank
ton
flor
a of
Lake
Huro
n is
the
abun
danc
e of
colo
nial
chry
soph
ytes
such
as C
hrys
osph
aere
lla
Zong
ispi
na,
Dino
bryo
n sp
.,
and
Urog
lena
amer
ican
a.
A la
rge
numb
er o
f ge
nera
of g
reen
and
blue
-gre
en a
lgae
have
been
noted
in co
llect
ions
from
Lake
Huron
. T
he mo
st i
mport
ant
gener
a qu
antit
a—
tively are Crucigenia, Gloeocystis, Oocystis, Anacystis, Gomphosphaeria and
Osci
llat
oria
. T
he s
peci
es p
rese
nt a
re u
sual
ly f
ound
in l
ow n
umbe
rs i
n ol
igot
roph
ic
lakes. Their population densities are low in Lake Huron.
 
Many of the blue-green species developed during the summer persist into the
fall, but most of the standing crop increase in the fall is attributable to increasw
abundance of the eurytopic diatom taxa.
‘
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ed
  
DeSpite
the
generally
oligotrophic
character
of
the
Lake
Huron
phytoplankton
flora,
there
are
a
number
of
evidences
of
incipient
eutrophication.
The
most
obvious
influence
is
that
of
Saginaw
Bay
(See
Chapter
4.2).
Vollenweider
et
a1.
(2)
have
shown
that
mean
chlorophyll
a
values
are
higher
in
the
coastal
waters
north
and
particularly
south
of
the
bay
(nearshore
Segment
I
and
open
water
Segment
7)
and
their
data
indicate
that
this
influence
may
extend
well
into
the
open
waters
(Segments
6
and
8).
The
nearshore
segments
are
depicted
in
Figure
4.1—3
and
the
Open
water
segments
in
Figure
5.3—3.
The
magnitude
of
the
effect
of
dispersal
of
materials
from
Saginaw
Bay
and
of
phytoplankton
populations
generated
within
the
bay
is
difficult
to
evaluate
because
the
impact
at
any
given
sampling
station
is
highly
time
dependent.
Schelske,
at
al.
(1)
have
shown
that
certain
phytoplankton
populations
are
transported
from
the
bay
to
the
open
waters
of
Lake
Huron
in
the
same
manner
as
conservative
substances
under
certain
meteorological
conditions.
It
would
appear
the
these
populations
do
not
reproduce
actively
in
Lake
Huron
but
recycling
of
the
nutrients
which
they
contain
must
have
some
stimulatory
effect
on
populations
in
the
open
lake.
The
data
of
Schelske,
at
al.
also
suggest
that
there
are
subtle
population
differences
in
phytoplankton
assemblages
north
and
south
of
the
bay.
At
the
time
of
their
study,
the
phytoplankton
standing
crop
averaged
lower
at
stations
south
of
the
bay
than
at
comparable
stations
north
of
the
bay.
Certain
pollution-tolerant
taxa
(notably
Fragilaria
capucina
and
MeZosira
granulata)
were
present
in
assemblages
at
stations
south
of
the
bay
only,
and
a
number
of
less
tolerant
taxa
were
restricted
to
the
more
northerly
stations.
Modification
of
the
species
composition
of
the
phytoplankton
flora
in
the
scuthern
part
of
Segment
7
appears
to
be
one
of
the
major
effects
of
materials
transported
from
Saginaw
Bay.
In
this
respect,
it
should
be
noted
that
standing
crop
levels
in
the
shoreward
waters
of
Segment
8
may
exceed
those
foundﬂin
the
southern
part
of
Segment
7
during
the
spring
phytoplankton
maximum,
but
the
species
composition
in
Segment
8
is
more
similar
to
that
of
mid—lake
stations.
It
appears
that
high
productivity
in
this
region
is
purely
the
result
of
a
nutrient
effect,
without
the
complication
of
transport
of
populations
and
conservative
ions
from
an
"upstream"
source.
An
apparently
similar
situation
has
been
reported
in
Grand
Traverse
Bay
of
Lake
Michigan (8).
Recent
data
(9)
indicate
that
flow
from
Lake
Michigan
has
subtle
effects
on
the
northern
part
of
Lake
Huron.
The
most
apparent
effect
is
the
transport
of
certain
blue-green
populations
(primarily Anacystis
sp.)
developed
in
the
silicate—
depleted waters
of
northern Lake Michigan
to Lake
Huron.
Most
affected
stations
are
in
Segment
5,
although
subtle
effects
must
extend
into
Segment
6.
0n
the
basis
of this
study,
it appears
that
the
effect
of
Lake Michigan
on Lake
Huron
is
some-
What buffered by hypolimnetic transport of Lake Huron water to Lake Michigan
during stratification.
It is clear that the Straits of Mackinac region supports
Phytoplankton assemblages different from those found in the open waters of either
0f the two lakes it connects.
Although some of the populations
transported from
Lake Michigan, particularly Anacystis incerta,
have the potential of developing
nuisance blooms
(10),
it is unlikely that this potential will be realized unless
serious
eutrophication
of northern Lake
Huron occurs.
Two
unusual
aspects
of
the Lake Huron
phytoplankton
flora
deserve
special
mention.
One
is
the
intense spring
maximum
developed
at
near—shore
stations
in
Segment
8
(see
Chapter
4.1).
As
mentioned
previously,
the
populations
present
in
this
region
are
essentially
the
same
as
those
in
the
waters
further
offshore,
but
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inc
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s o
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a l
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s
(12
).
Two
con
clu
sio
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are
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and
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er
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bse
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s:
hig
h r
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of
cla
doc
era
ns
to
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ano
id
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d d
ens
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e t
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ult
ima
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eut
rOp
hic
org
ani
sm
now
inh
abi
tin
g t
he
Gre
at
Lak
es,
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n e
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ogy
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rp
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trast to the oligotrophic Diaptomus Sicilis.
USE OF INDICATORS
Sev
era
l z
oop
lan
kto
n a
re
use
d b
elo
w a
s i
ndi
cat
ors
to
cha
rac
ter
ize
the
tro
phi
c
sta
te
of
Lak
e H
uro
n.
To
pro
per
ly
uti
liz
e a
n o
rga
nsi
m a
s a
n i
ndi
cat
or
of
wat
er
qua
lit
y,
its
tot
al
eco
log
y s
hou
ld
be
und
ers
too
d.
Dia
pto
mus
sic
iZi
s i
s t
rea
ted
her
e
as
an
oli
got
rop
hic
ind
ica
tor
.
Dur
ing
inv
est
iga
tio
ns
of
wat
er
qua
lit
y i
n s
out
her
n
Lake
Huro
n,
it w
as
disc
over
ed t
hat
Diap
tomu
s si
cili
s f
eeds
prim
aril
y up
on s
mall
nannoplankton, themselves dominant in and indicative of oligotrophic waters.
More
over
, s
uch
cala
noid
popu
lati
ons
are
char
acte
rize
d s
easo
nall
y by
an a
bund
ance
of
immature nauplii and copepodites, which feed almost entirely upon nannoplankton.
Adult calanoids are subject to heavy fish predation, so that a lack of adults may
be a sign of predation and not pollution. The immature forms, however, are rela—
tively immune to predation and serve as excellent indicators of unproductive waters
of high quality.
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At
the
other
extreme,
the
Cladocerans
prefer
warmer waters
and
exhibit
higher
growth
rates.
Cladocerans
consume
the
larger
algae
(greens and
diatoms,
but
not
necessarily
blue—greens).
Thus,
they
have
available a higher
resource
base
in
eutrophic waters.
Being small at the age of maturity, they reproduce before the
minimum
size
at which
alewife
predation becomes
important
(13).
Since
Bosmina
Zongirostris is relatively predation free, like the calanoid copepodites previously
mentioned,
its
densities
should
reflect
the
greater
abundance
of
algal
foods
and
the
warmer
temperatures
of shallow,
more
eutrophic waters.
No
species
or
group
is
a
perfect
indicator.
However,
immature
calanoids
and
Bosmina
longirostris,
two
extreme forms at opposite ends of the trophic spectrum, are among th
most useful
indicators of pollution.
EVIDENCE OF PERTURBED AREAS
Populations
of Bosmina
Zongirostris
predominated
in
outer
Saginaw Bay
(Segment
H),
the nearshore water of the Michigan coast
(Segment 1), and the offshore waters
of western Lake Huron
(Segment 7) adjacent to Saginaw Bay during
the summer of
1974 (50) (Figure 5.4—1).
Densities were lower in these areas in the spring and
fall.
In sharp contrast, B. Zongirostris was found in very low numbers in north—
eastern offshore waters (Segment 6), as well as in the most SOutherly mid—lake
watermass (Segment 8).
Bosmina was also rare along the Canadian coast (Segments A
and B), indicative of either the lower temperature or the higher quality of water
in these areas.
Cladocerans were dominant in southern Lake Huron during the summer months of
1974, whereas early in the spring they were common only in Saginaw Bay (50) (Seg—
ment H, with densities as high as 77,000/m3) (Figure 5.4—2). However, it is evi-
dent that the group has a different distribution during summertime than Bosmina, as
Cladocerans were common along the eastern nearshore areas (Segments A and B), an
area of the lake essentially devoid of Bosmina. Generally, though, densities of
caldocerans suggest water quality problems in all areas except the northern, open
lake, deep water area (Segment 6), which has not developed a significant population
of these eutrophic indicators. While not lending themselves to identical con-
clusions, these two setsof data suggest water quality prolems in Saginaw Bay and
along the Michigan coast, as well as high quality water in the northern offshore
water mass (Segment 6).
EVIDENCE FOR AREAS OF HIGH WATER QUALITY
It is vital to management objectives to identify those areas of Lake Huron
presently exhibiting high water quality. The presence of an eutrophic indicator
may point to trouble, but the absence of the same organism may not necessarily
indicate oligotrophic conditions. Calanoid copepods, and especially their super—
abundant nauplii and copepodites, are indicative of water of good quality. Adult
calanoids and their abundant copepodites were found in greatest numbers during the
spring in Segments 6 and 8 (Figure 5.4-3), suspected areas of high quality water.
They were also abundant in Segments A, B, and I during the summertime. At these
same times, calanoids were rare in Saginaw Bay (Segment H).
Such populations
developed in the spring, in shallow water, while these nearshore areas were cold
and contained fewer of the large, eutrophic types of phytoplankton. By July,
calanoids were excluded from inshore areas (Figure 5.4—3). Thus, the distribution
0f calanoid copepods suggests again that the highest quality waters in southern
Lake Huron are in Segments 6 and 8.
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io
n
ch
an
ge
s
se
as
on
al
ly
,
th
is
ov
er
al
l
pa
tt
er
n
of
to
ta
l
ro
ti
fe
r
di
st
ri
bu
ti
on
pe
rs
is
ts
th
ro
ug
ho
ut
sp
ri
ng
an
d
su
mm
er
.
An
al
ys
es
of
ro
ti
fe
r
sp
ec
ie
s
co
mp
os
it
io
n
an
d
ab
un
da
nc
e
ha
ve
pr
ov
en
va
lu
ab
le
as
ind
ica
tor
s
of
tro
phi
c
con
dit
ion
s
in
sou
the
rn
Lak
e
Hur
on.
The
gen
us
Not
hOZ
ea
is
a
pro
min
ent
mem
ber
of
rot
ife
r
fau
na
of
Lak
e H
uro
n
and
com
pri
ses
thr
ee
spe
cie
s:
No
th
ol
ea
fo
li
ac
ea
,
N.
sq
ua
mu
la
,
an
d
No
th
ol
ea
Sp.
Al
th
ou
gh
th
es
e
sp
ec
ie
s
ar
e
di
st
ri
bu
te
d
th
ro
ug
ho
ut
th
e
la
ke
,
ev
en
in
to
th
e
nu
tr
ie
nt
—r
ic
h
wa
te
rs
of
Sa
gi
na
w
Ba
y
dur
ing
the
win
ter
mon
ths
,
the
y a
re
res
tri
cte
d
dur
ing
the
rma
l
str
ati
fic
ati
on
to
the
col
d,
dee
p
cen
tra
l
por
tio
n
of
Lak
e
Hur
on.
The
ref
ore
,
the
y
are
use
ful
ind
ica
tor
s
of
oli
got
rop
hy
dur
ing
lat
e
spr
ing
and
sum
mer
.
Syn
cha
eta
asy
mme
tri
ca
and
S.
Zak
owi
tzi
ana
dis
pla
y
sim
ila
r
tem
por
al
and
spa
tia
l d
ist
rib
uti
ons
and
are
als
o
val
uab
le
ind
ica
tor
s
of
oli
got
rop
hic
con
dit
ion
s.
In
con
tra
st,
Tri
cho
cer
ea
mul
tic
rin
is
was
fou
nd
in
greatest abundance in the eutrophic waters of Saginaw Bay and nearshore areas in
south
ern L
ake H
uron
and a
ppear
s to
be a
good
eutro
phic
indic
ator
speci
es.
Sever
al
species such as Brachionus sp., KerateZZa cochlearis f. tecta, and Conochiloides
dossuarzs, were found in abundance in the highly eutrophic waters near the Saginaw
River mouth and appear to be good indicators of extreme eutrophy.
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Clu
ste
r a
nal
ysi
s,
com
bin
ed
wit
h p
rin
cip
al
com
pon
ent
s,
is
a p
owe
rfu
l
too
l i
n
ide
nti
fyi
ng
bot
h e
utr
oph
ic
and
oli
got
rop
hic
spe
cie
s a
sse
mbl
age
s
in
Lak
e H
uro
n a
nd
may
hav
e p
ote
nti
al
whe
n a
ppl
ied
to
wat
er
qua
lit
y a
sse
ssm
ent
pro
ble
ms
els
ewh
ere
.
Clu
ste
r
ana
lys
is
on
rot
ife
rs
at
78
sta
tio
ns
in
Sag
ina
w
Bay
and
sou
the
rn
Lak
e
Hur
on
in
Jul
y,
197
4
div
ide
d
the
stu
dy
are
a
int
o
fou
r m
ajo
r
sub
—re
gio
ns
(52
).
The
se
clu
ste
rs
of
sta
tio
ns
def
ine
maj
or
cir
cul
ati
on
pat
ter
ns
of
Sag
ina
w B
ay
and
ref
lec
t
the
inf
lue
nce
of
Sag
ina
w B
ay
wat
er
on
Lak
e H
uro
n,
esp
eci
all
y o
n i
ts
sou
thw
est
ern
sho
re
(Fi
gur
e 5
.4-
9).
The
rot
ife
r c
omm
uni
ty
com
pos
iti
on
in
eac
h o
f t
hes
e g
rou
ps
of
sta
tio
ns
is
int
erp
ret
abl
e i
n t
he
lig
ht
of
the
kno
wle
dge
of
the
tro
phi
c c
ond
iti
ons
of
the
se
wat
ers
.
Usi
ng
pri
nci
pal
com
pon
ent
ana
lys
es,
spe
cie
s a
sse
mbl
age
s w
hic
h a
re
ass
oci
ate
d w
ith
hig
hly
eut
rop
hic
env
iro
nme
nts
wer
e f
oun
d p
red
omi
nan
tly
in
Gro
ups
I
and
II
and
ref
lec
t n
utr
ien
t
enr
ich
men
t e
ffe
cts
fro
m t
he
Sag
ina
w R
ive
r
(Fi
gur
e
5.4
-9
and
Tab
les
5.4
—1
and
5.4
—2)
.
Gro
up
IV
is
com
pos
ed
of
som
e c
old
wat
er
ste
no—
the
rms
and
ref
lec
ts
a c
omm
uni
ty
in
the
oli
got
rop
hic
are
as
of
the
lak
e.
Gro
up
III
,
on
the
wes
ter
n s
hor
e o
f L
ake
Hur
on,
and
ins
hor
e a
rea
s o
f G
rou
p I
V d
o n
ot
hav
e a
ny
con
sis
ten
t s
pec
ies
gro
upi
ngs
.
The
y a
re
com
pri
sed
of
bot
h c
old
and
war
m w
ate
r
sten
othe
rms
and
appe
ar t
o re
flec
t fa
ctor
s a
ssoc
iate
d wi
th m
ixin
g an
d di
luti
on o
f
Sagi
naw
Bay
wate
rs w
ith
Lake
Huro
n (F
igur
e 5.
4—9
and
Tabl
es
5.4—
1 an
d 5.
4—2)
.
BENTHOS
The
effe
cts
of S
agin
aw B
ay
effl
uent
s on
open
lake
bent
hic
envi
ronm
ents
were
studied by locating 52 stations on 10 transects (Figure 5.4-10) in 1972 (14) to
give good representation of epiprofundal depths where the effects of eutrophication
appear to be greatest in large, deep basins of the Great Lakes (15). Transects
were arrangednorth and south of the bay to enable comparisons of distant reference
stations with stations at similar depths and at succeeding intervals to define the
extent of the bay influence.
At depths less than 20 m, oligochaetes and chironomids made up most of the
benthos, but the amphipod Pontoporeia generally dominated at depths over 30 m
(Table 5.4—3). There was a strong difference between relative importance of these
taxa in the northern and southern parts of western Lake Huron. Amphipods contri—
buted larger percentages north of Saginaw Bay, while chironomids and oligochaetes
had larger precentages south of the bay. Zoobenthos at stations 91 and 92, near
Rogers City, were more similar to those at stations in the southern part than to
those on adjacent northern transects.
The densities of total macroinvertebrates and Pontoporeia affinis are illus—
trated for each section in three depth zones (Figure 5.4-11) to show the relatively
complex numerical responses to depth and region. Pontoporeia was less abundant
south of the bay at shallow depths, but more abundant at intermediate depths than
in the northern section. Immediately in the mouth of the bay, Pontoporeia den-
sities were more similar to those at northern than at southern stations. Dif—
ferences were not evident in the deepest interval.
The distributions of several species appeared to be closely related to Saginaw
Bay. The clearest cases were Chironomus, Peloseolex ferox, Limnodrilus, and
Tubifex tubiféx (Figures 5.4-12 through 5.4-15). Populations of these four groups
all occurred in the mouth of the bay and southward within certain depth limits.
Chironomus was distributed in shallower depths than Tubifex tubifex. The only
456
 TABLE 5.4—1
ABUNDANCE
(MEAN
NUMBER/LITRE-GROUP)
OF
SELECTED
SPECIES
OF
ROTIFERS
OF LAKE HURON IN GROUPS IDENTIFIED BY CLUSTER ANALYSIS IN FIGURE 5.4-9
       
N
Species Group ‘V
I II III IV ;
Brachionus spp.a
140
15
<1
<<1
KerateZZa cochlearis f. tectaa
170
12
<1
<<1
Conochiloides dossuariusa 150 4 0 O
POZyarthra vulgaris
294
456
150
34
Filinia longisetaa 34 197 90 2 .;
Pbmpholyx suzcataa 11 107 22 2 :?
Conochilus unicornis <1 9 35 20 T?
KeZZicottia Zongispina o 2 10 36 '3‘
Notholca spp.b O 0 <1 3 %?
J
Total rotifers 1144 1687 749 232 3
No. Stations/Group 5 21 25 27 ’3
q
 
a. Eutrophic indicator species
b. Cold water stenothermic species
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TABLE 5.4—2
GR
OU
PI
NO
S
OF
RO
TI
EE
R
SP
EC
IE
S
IN
LA
KE
HU
RO
N
AS
DE
LI
NE
AT
ED
BY
PR
IN
CI
PA
L
CO
MP
ON
EN
T
AN
AL
YS
IS
OF
7—
10
JU
LY
19
74
DA
TA
(Th
e
pr
in
ci
pa
l
co
mp
on
en
t
ve
ct
or
is
in
pa
re
nt
he
se
s
fo
ll
ow
ed
by
the
pe
rc
en
ta
ge
explained by the variance.
The
re
gi
on
s
of
La
ke
Hu
ro
n
and
Sa
gi
na
w
Ba
y
ar
e
th
os
e
de
pi
ct
ed
in
Fi
gu
re
5.
4—
9.
)
SAGINAW BAY
SOUTHERN LAKE HURON
Saginaw River Groups I & II
(1) 14.06%
AspZanchna brightwelli
Brachionus angularisa
B. caZycionrusa
B. caudatusa
B. bidentataa
B. urceoZarisa
KerateZZa cochlearis f. tectaa
Trichocerca multicrinisa
Saginaw Bay andAdjacent Lake
Huron Groups III & IV
(2) 27.95%
Anuraeopsis fissaa
FiZinia Zongisetaa
KeZZicottia Zongispina
NothOan 3p
N. squamuZaB
Polyarthra major
P. remata
Pompholyx schataa
synchaeta Oblonga
Saginaw Bay andAdjacent Lake
Huron Groups III & IV
(3) 36.27%
Collotheca mutabilis
Conochilus unicornis
KerateZZa cochlearis
K. cochlearis f. hispida
Lophocharis salpina
PZatyias patuZus
PoZyarthra euryptera
P. vngaris
  
In
sh
or
e
We
st
er
n
Si
de
Gr
ou
ps
II
I
&
IV
(1) 30.49%
Gastropus stylifér
KeZZicottia longispina
KerateZZa cochlearis f. robusta
PZoesoma truncatum
Pbearthra dolichopterab
P. eurypteraa
P. remata
synchaeta sp.
Trichocerca cylindricaa
T. multicrinis
Inshore — Saginaw Bay Area
Groups II & III
(2) 44.10%
Brachionus caZycifZOPusa
B. caudatusa
B. havanaensisa
B. bidentataa
B. urceolarisa
Chromogaster ovaZis
Central Basin Group IV
(3) 55.09%
Filinia Zongiseta
thhOan beiaceab
Notholca sp.b
N. squamula
Polyarthra major
synchaeta asymmetricab
S. stylata
a. Eutrophic indicator species
b. Cold water stenothermic species
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 TABLE 5.4—3
PERCENTAGES OF TOTAL MACROINVERTEBRATES DUE TO FOUR TAXA
,1:
BY DEPTH INTERVALS AND SECTIONS OF WESTERN LAKE HURON IN 1972
(S=transects 1—4; B=transects 5 and 6; N=transects 7—12.
The transects are depicted in Figure 5.4—10.)
 
Taxon section Depth Interval (metres)
10—20 21-30 31—40 I 41-50 51-60 61-70 81-90
Amphipoda S 0.7 6.5 50.9 49.1 61.2 - -
B 2.1 25.8 — - — - -
N 9.6 56.8 58.8 61.4 72.6 72.1 80.6
Na 38.3 66.9 - — ~ - -
Oligochaeta S 71.3 77.7 28.4 34.7 27.7 - ~
B 75.1 52.0 - - - - ~
N 70.6 22.4 24.4 24.3 19.1 17.9 13.3
Na 43.3 18.7 - - - - ‘
Chironomidae S 19.8 8.1 5.3 1.3 0.5 - —
B 8.5 8.8 — — — — —
N 10.6 4.9 2.5 1.3 0.3 1.6 1.1
Na 13.1 4.7 — — — - —
Sphaeriidae S 4.3 2.6 13.7 13.0 8.8 - -
B 6.9 7.7 — — — — —
r N 3.3 10.1 13.0 12.0 7.7 6.9 4.3
N3 1.9 6.3 - — — - —
          
a.
Percentages excluding stations 91 (10—20 m) and 92 (21-30 m), which were aberrant
for the north section.
b.
See
also
Table
4.2—8
for
densities
in
Saginaw
Bay.
460
  
   
TOTAL COUN T
   
k
—
~
ﬁ
E
—
—
1
           
N S
I I
'N 5
FI
GU
RE
5.
4-
ll
TO
TA
L
MA
CR
OI
NV
ER
TE
BR
AT
ES
AND
TJ
L"
F”
FT
EZ
JF
TX
HF
DEPTH
(M)
10-24
25-39
40-59
PONTOPOREIA
  
k
—
—
A
 
'
r
-
.
.
.
.
.
.
—
.
i
  
N s
A— E
N s
l
AVERAGED BY DEPTH INTERVAL AND SECTION OF THE
LAKE, S = transects 1—4, B = transects 5 and 6,
N = transects 7—10.
 
 
 
   
   
CHIRONOMUS SP.
MILES
0 IO 20 30 4O
HrH—‘H—ﬁ—Lr—r’
o 20 40 6°
KILOMETRES
 
 
FIGURE 5.4-12
DISTRIBUTION OF TOTAL CHIRONOMUS (DIPTERA,
CHIRONOMIDAE)
SPECIES
IN
WESTERN
LAKE
HURON,
1972. Dots are stations.
More darkly shaded areas
had densities over lOO/mz,
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OCCURRENCE OF PEZOSCOLEXEEFOX (OLIGOCHAETA,
TUBIFICIDAE) AT DENSITIES >100/M2 IN WESTERN
LA
KE
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,
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72
,
Mo
re
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rk
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ad
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d
densities over 1,000/m .
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FIGURE 5.4—14 OCCURRENCE OF LIMIVODRILUS SPPU PELOSCOLEX FREYI,
POTAMOTHRIX MOLDAVJENSIS AND CORRESPONDING IMMATURE
WORMS (OLIGOCHAETA, TUBIFICIDAE) AT DENSITIES
2
>loo/M IN WESTERN LAKE HURON; 1972- More
darkly shaded areas had densities over 1,000/m2.
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FIGURE 5.4-15 DISTRIBUTION OF TUBIFEX TUBIFEX AND CORRESPONDING
IMMATURES (OLIGOCHAETA, TUBIFICIDAE) IN WESTERN
LAKE HURON, 1972.
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the
dat
a.
Thr
oug
hou
t
the
enr
ich
ed
are
a,
the
re
wer
e l
arg
er
pop
ula
tio
ns
of
rel
ati
vel
y p
oll
uti
on
int
ole
ren
t
for
ms
of
ben
tho
s a
s w
ell
.
Pel
osc
ole
x f
ero
x i
s g
ene
ral
ly
tak
en
to
ind
ica
te
mes
o-
tro
phi
c,
and
Tan
yta
rsu
s,
oli
got
rop
hic
ben
thi
c e
nvi
ron
men
ts
(16
).
The
197
2 d
ata
(14
)
ind
ica
te
tha
t S
agi
naw
Bay
has
an
enr
ich
ing
inf
lue
nce
,
tha
t i
ts
inf
lue
nce
ext
end
s
for
con
sid
era
ble
dis
tan
ces
to
the
sou
th
in
the
ope
n l
ake
, b
ut
that
its
inf
lue
nce
has
not
yet
bec
ome
det
rim
ent
al
to
oli
got
rop
hic
ind
ica
tor
s i
n t
hat
are
a.
The
loc
al
pop
ula
tio
ns
of
Chi
ron
omu
s a
nd
tub
ifi
cid
s n
ear
Rog
ers
Cit
y r
eve
al
an
unS
usp
ect
ed
and
inf
lue
nti
al
sou
rce
of
enr
ich
men
t.
Thu
nde
r B
ay
ben
tho
s a
re
kno
wn
to
hav
e c
han
ged
unde
r th
e in
flue
nce
of a
ctiv
itie
s i
n Al
pena
(17)
, bu
t t
he 1
972
stat
ions
were
not
well
plac
ed t
o de
term
ine
the
exte
nt o
f th
at i
nflu
ence
fart
her
out
into
the
lake
.
NUMERICAL COMPARISONS WITH OTHER SURVEYS
Tot
al
mac
roi
nve
rte
bra
tes
in
1972
ran
ged
fro
m 3
00
to
ove
r 1
8,0
00/
m2
at
var
iou
s
stat
ions
, a
nd a
vera
ged
6,70
0/m2
over
all
stat
ions
(Tab
le 5
.4—4
).
This
was
near
ly
twic
e as
high
as a
ny a
vera
ge
for
prev
ious
surv
eys
of t
he o
pen
lake
.
In s
ome
case
s
there
were
obvio
us me
thodo
logic
al d
iffer
ences
betwe
en s
urvey
s.
The
1972
surve
y
utili
zed
a Po
nar
grab,
and
the
sampl
es we
re p
roces
sed
in th
e el
utria
tion
devic
e
illu
stra
ted
by P
ower
s an
d Ro
bert
son
(22)
, t
o wh
ich
a 0.
5 mm
mesh
scre
en w
as a
ttac
hed.
Tete
r (
18)
and
Schu
ytem
a an
d Po
wers
(19)
samp
led
with
the
Pete
rsen
grab
, a
nd
Thoma
s, e
t a1.
(20)
used
the S
hipek
grab.
Both
of th
ese
grabs
colle
ct f
ewer
macro
-
invertebrates than the Ponar (21—23). Schelske and Roth (24) used a screen with
coarser meshes (0.76 mm openings) than those used by most investigators (0.57 mm or
0.5 mm openings), and probably lost many organisms during the sieving process (25).
Only two surveys were conducted by methods comparable to the 1972 survey. The
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 TABLE 5.4—4
AVE
RAG
E
{“J
UMB
ERS
OF
TOT
AL
HAC
ROI
NVE
RTE
BRA
TES
PER
SQU
ARE
MET
RE
IN
LA
KE
HU
RO
N
ES
TI
MA
TE
D
BY
VA
RI
OU
S
SU
RV
EY
S
Yea
r o
f s
urv
ey
Ref
ere
nce
Gra
b t
ype
Gra
nd
mea
n (
#/m
2)
195
0,
193
6
Tet
er
(18
)
Pet
ers
en
900
196
5
Sc
hu
yt
em
a
and
Po
we
rs
(19
)
Pe
te
rs
en
600
19
66
—67
Al
le
y
and
Po
we
rs
(26
)
Po
na
r
39
63
19
69
Th
om
as
,
et
al
.
(20
)
Sh
ip
ek
17
12
19
70
Sc
he
ls
ke
an
d
Ro
th
(24
)
Po
na
r
29
40
197
1
Sh
ri
va
st
av
a
(27
)
Po
na
r
900
197
2
Mo
zl
ey
(14
)
Po
na
r
67
00
   
w
a
s
ﬁ
m
m
l
v
k
e
z
ﬁ
r
'
t
r
m
n
z
r
'
m
r
‘
t
ﬂ
w
e
;
W
M
.
e
‘
m
“
-
—
v
w
—
:
 
tec
hni
que
s o
f A
lle
y a
nd
Pow
ers
(26)
wer
e i
den
tic
al
to
tho
se
use
d i
n 1
972,
but
the
y
did
not
sam
ple
as
man
y s
tat
ion
s
in
the
ver
y r
ich
ben
thi
c
ass
emb
lag
es
nea
r a
nd
sou
th
of
Sag
ina
w B
ay.
The
rem
ain
ing
sur
vey
(27)
was
bas
ed
on
a P
ona
r g
rab
and
a 0
.5
mm
scre
en,
but
an e
lutr
iati
on d
evic
e wa
s no
t us
ed.
Shri
vast
ava'
s gr
and
mean
(Tab
le
5.4—4, 900/m2) was much lower than the other Ponar survey means.
An u
nder
stan
ding
of t
he s
ourc
es o
f th
is l
arge
diff
eren
ce
is c
ruci
al t
o th
e
iss
ue
of
rel
iab
ili
ty
of
num
eri
cal
dat
a o
n G
rea
t L
ake
s b
ent
hos
.
Shr
iva
sta
va‘
s (
27)
sta
tio
ns
wer
e r
e—a
ver
age
d w
ith
in
reg
ion
s a
nd
dep
th
int
erv
als
cov
ere
d i
n t
he
mor
e
lim
ite
d 1
972
sur
vey
.
The
197
2 e
sti
mat
es
of
tot
al
mac
roi
nve
rte
bra
tes
for
the
10-
19
m a
nd
40—
49
m i
nte
rva
ls
sou
th
of
the
bay
wer
e 3
,80
1 a
nd
9,4
79/
m2,
res
pec
tiv
ely
,
but
Shr
iva
sta
va'
s d
ata
yie
ld
the
val
ues
98/
m2
and
764
/m2
in
the
cor
res
pon
din
g a
rea
s.
The
1972
esti
mate
for
the
10—1
9 m
inte
rval
in t
he o
uter
bay
was
5,91
3/m2
but
Shr
iva
sta
va'
s w
as
4O6
/m2
.
Nor
th
of
the
bay,
the
1972
dat
a i
ndi
cat
ed
2,2
01/
m2
in
the
10—
19
m i
nte
rva
l a
nd
3,6
41/
m2
in
the
20—2
9 m
int
erv
al,
but
Shr
iva
sta
va
fou
nd
61/
m2
and
2,8
51/
m2,
res
pec
tiv
ely
.
The
ref
ore
, d
iff
ere
nce
s b
etw
een
the
two
sur
vey
s
are
not
att
rib
uta
ble
to
dif
fer
ing
sta
tio
n
loc
ati
ons
.
Ano
the
r f
act
or
mig
ht
hav
e b
een
the
sea
son
of
sam
pli
ng.
Shr
iva
sta
va
col
lec
ted
his
dat
a f
rom
Apr
il
to
Jun
e i
n 1
971
, w
hil
e t
he
197
2 d
ata
wer
e
col
lec
ted
in
Sep
tem
ber
dur
ing
the
sea
son
of
pea
k p
opu
lat
ion
den
sit
ies
for
mos
t G
rea
t L
ake
s m
acr
oin
ver
te—
bra
tes
(Ju
ly
— O
cto
ber
)
(28
).
How
eve
r,
sea
son
al
dif
fer
enc
es
can
not
be
inv
oke
d t
o
exp
lai
n t
he
lar
ge
dis
cre
pan
cy
in
est
ima
tes
for
the
40-
49
m i
nte
rva
l
sou
th
of
the
bay
.
Cha
nge
s
of
tha
t m
agn
itu
de
hav
e
nev
er
bee
n
enc
oun
ter
ed
at
com
par
abl
e
dep
ths
in
Lake Michigan (23, 28).
It
is
unf
ort
una
te
tha
t
Shr
iva
sta
va'
s
dat
a
mus
t
be
sus
pec
ted
to
pro
vid
e
gro
ss
und
ere
sti
mat
es
of
the
num
ber
s
of
zoo
ben
tho
s
in
Lak
e
Hur
on,
for
his
rep
ort
is
tax
o—
nom
ica
lly
com
pre
hen
siv
e,
and
ran
ks
sec
ond
in
num
ber
of
sta
tio
ns
(af
ter
Tho
mas
et
a1.
(20
))
am
on
g
su
rv
ey
s
in
th
e
lak
e.
Un
ti
l
th
e
ro
le
of
su
ch
fa
ct
or
s
as
se
as
on
al
and
yea
r—t
o—y
ear
cha
nge
s
are
pro
per
ly
eva
lua
ted
,
how
eve
r,
num
eri
cal
com
par
iso
ns
bet
wee
n
set
s
of
dat
a m
ust
be
vie
wed
wit
h
ske
pti
cis
m.
Sh
ri
va
st
av
a
co
nc
lu
de
d
th
at
am
ph
ip
od
s
ha
d
de
cl
in
ed
,
bu
t
ol
ig
oc
ha
et
es
ha
d
in
cr
ea
se
d
in
La
ke
Hu
ro
n
si
nc
e
Te
te
r'
s
(18
)
su
rv
ey
s
in
195
2
an
d
195
6.
Pr
es
en
t
da
ta
Su
gg
es
t,
to
th
e
co
nt
ra
ry
,
th
at
ef
fl
ue
nt
s
fr
om
Sa
gi
na
w
Ba
y
ma
y
ha
ve
ca
us
ed
la
rg
e
in
cr
ea
se
s
in
bo
th
am
ph
ip
od
s
an
d
ol
ig
oc
ha
et
es
,
ab
ov
e
an
d
be
yo
nd
th
e
me
th
od
ol
og
ic
al
fa
ct
or
s
wh
ic
h
te
nd
to
el
ev
at
e
pr
es
en
t
es
ti
ma
te
s
ov
er
ea
rl
ie
r
on
es
.
Sh
ri
va
st
av
a
co
mb
in
ed
hi
s
nu
me
ri
ca
l
da
ta
wi
th
ta
xo
no
mi
c
in
fo
rm
at
io
n
to
ch
ar
—
ac
te
ri
ze
La
ke
Hu
ro
n
as
ex
hi
bi
ti
ng
"a
n
ea
rl
y
ph
as
e
of
me
so
tr
op
hy
."
Th
is
co
nc
lu
si
on
is
su
pp
or
te
d
by
th
e
19
72
da
ta
,
wi
th
th
e
qu
al
if
ic
at
io
n
th
at
mo
st
of
th
e
no
rt
h
ha
lf
of
th
e
la
ke
ma
y
st
il
l
be
re
ga
rd
ed
as
ol
ig
ot
ro
ph
ic
,
wh
il
e
ne
ar
an
d
so
ut
hw
ar
d
fr
om
Sa
gi
na
w
Ba
y,
th
e
be
nt
ho
s
ar
e
di
st
in
ct
ly
in
di
ca
ti
ve
of
me
so
tr
op
hi
c
co
nd
it
io
ns
.
Sh
ri
va
st
av
a'
s
in
fo
rm
at
io
n
on
th
e
di
st
ri
bu
ti
on
of
in
di
ca
to
r
sp
ec
ie
s
is
in
ag
re
em
en
t
wi
th
th
e
19
72
da
ta
wh
er
ev
er
th
e
su
rv
ey
s
ov
er
la
pp
ed
.
Di
ff
er
en
ce
s
ap
pe
ar
ed
ma
in
ly
in
fo
rm
s
of
mi
no
r
in
di
ca
ti
ve
si
gn
if
ic
an
ce
.
Th
e
pr
es
en
t
es
ti
ma
te
s
of
En
ch
yt
ra
ei
da
e
we
re
hi
gh
er
,
an
d
Pe
lo
sc
oZ
ex
va
ri
eg
at
us
an
d
Au
Zo
dr
iZ
us
pZ
ur
is
et
a
we
re
fr
eq
ue
nt
an
d
oc
ca
si
on
al
ly
ab
un
da
nt
at
st
at
io
ns
in
the
197
2
su
rv
ey
bu
t
ab
se
nt
fr
om
Sh
ri
va
st
av
a'
s
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li
st
.
Th
e
19
72
su
rv
ey
al
so
re
ve
al
ed
la
rg
er
de
ns
it
ie
s
an
d
a
mu
ch
gr
ea
te
r
va
ri
et
y
of
Na
id
id
ae
,
a
fi
nd
in
g
wh
ic
h
is
at
tr
ib
ut
ab
le
to
th
e
su
mm
er
de
ve
lo
pm
en
t
of
mo
st
Na
id
id
ae
species (28).
Sh
ri
va
st
av
a
di
d
no
t
id
en
ti
fy
Ch
ir
on
om
id
ae
be
lo
w
fa
mi
ly
le
ve
l
ex
ce
pt
fo
r
Ch
ir
on
om
us
,
wh
ic
h
le
av
es
th
e
pr
es
en
t
st
ud
y
an
d
Jo
hn
so
n'
s
(2
9)
an
al
ys
is
of
ch
ir
o—
no
mi
ds
fr
om
Sc
hu
yt
em
a
an
d
Po
we
r'
s
(1
9)
sa
mp
le
s
as
th
e
on
ly
re
co
rd
s
of
ch
ir
on
om
id
co
mp
os
it
io
n
in
op
en
La
ke
Hu
ro
n
to
da
te
.
He
ns
on
an
d
He
rr
in
gt
on
's
(3
0)
st
ud
y
of
th
e
St
ra
it
s
of
Ma
ck
in
ac
an
d
th
e
re
po
rt
by
Br
in
kh
ur
st
,
et
a1
.
(1
6)
ar
e
th
e
on
ly
re
co
rd
s
of
Sp
ha
er
ii
da
e
sp
ec
ie
s
fo
r
La
ke
Hu
ro
n.
Dr
y—
we
ig
ht
bi
om
as
s
fo
r
La
ke
Hu
ro
n
be
nt
ho
s
wa
s
es
ti
ma
te
d
at
1.
3
g/
m2
by
Al
le
y
an
d
Po
we
rs
(2
6)
,
pl
ac
in
g
th
e
la
ke
ab
ov
e
La
ke
Su
pe
ri
or
bu
t
be
lo
w
La
ke
Mi
ch
ig
an
in
be
nt
hi
c
st
an
di
ng
co
r
.
Sh
ri
va
st
av
a
(2
7)
ob
ta
in
ed
a
si
mi
la
r
la
ke
wi
de
av
er
ag
e
fo
r
dr
y
we
ig
ht
,
1.
26
g/
m
.
It
is
no
t
cl
ea
r
wh
y
hi
s
dr
y
we
ig
ht
da
ta
sh
ou
ld
be
cl
os
el
y
co
mp
ar
ab
le
to
Al
le
y
an
d
Po
we
rs
',
si
nc
e
hi
s
nu
me
ri
ca
l
es
ti
ma
te
s
ar
e
so
mu
ch
lo
we
r
(Table 5.4—4).
CHLOROPHYLL a
Ch
lo
ro
ph
yl
l
a
is
us
ed
as
an
ap
pr
ox
im
at
e
me
as
ur
e
of
th
e
to
ta
l
am
ou
nt
of
ph
yt
o—
pl
an
kt
on
pr
es
en
t
in
a
bo
dy
of
wa
te
r.
St
at
ed
in
li
mn
ol
og
ic
al
te
rm
in
ol
og
y,
it
is
an
in
di
ca
to
r
of
th
e
st
an
di
ng
cr
op
of
ph
yt
op
la
nk
to
n
bi
om
as
s.
Ch
lo
ro
ph
yl
l
a
is
a
lo
gi
ca
l
ch
oi
ce
fo
r
su
ch
an
in
di
ca
to
r
be
ca
us
e
al
ga
e,
be
in
g
gr
ee
n
pl
an
ts
,
co
nt
ai
n
ch
lo
ro
ph
yl
l.
Th
e
us
e
of
ch
lo
ro
ph
yl
l
a
as
an
in
di
ca
to
r
as
su
me
s
th
at
th
e
mo
re
al
ga
e
th
er
e
is
in
a
wa
te
r
sa
mp
le
,
the
mo
re
ch
lo
ro
ph
yl
l
th
at
ca
n
be
me
as
ur
ed
in
th
at
sa
mp
le
.
Be
ca
us
e
of
di
ff
er
in
g
ch
lo
ro
ph
yl
l
co
nt
en
ts
in
di
ff
er
en
t
sp
ec
ie
s
of
al
ga
e,
th
e
re
la
ti
on
sh
ip
be
tw
ee
n
ch
lo
ro
ph
yl
l
a
and
bi
om
as
s
is
no
t
an
ex
ac
t
on
e.
Ch
lo
ro
ph
yl
l
con
ten
t
als
o
var
ies
wit
h
the
phy
sio
log
ica
l
sta
te
of
the
cel
ls.
Nev
ert
hel
ess
,
chl
oro
phy
ll
is
use
d
as
an
ind
ica
tor
bec
aus
e
it
is
rel
ati
vel
y
eas
y
to
mea
sur
e
and
bec
aus
e i
t o
ffe
rs
an
app
rox
ima
tio
n
tha
t w
oul
d n
ot
oth
erw
ise
be
ava
ila
ble
.
Kno
win
g t
he
phy
top
lan
kto
n b
iom
ass
of
a w
ate
r b
ody
is
imp
ort
ant
bec
aus
e t
he
res
pir
ati
on
and
dec
ay
of
the
bio
mas
s c
rea
tes
an
oxy
gen
dem
and
in
the
wat
er.
If
the
bio
mas
s i
s g
rea
t e
nou
gh,
the
oxy
gen
dem
and
can
bec
ome
so
gre
at
tha
t o
xyg
en
lev
els
in
the
wat
er
are
red
uce
d
to
con
cen
tra
tio
ns
too
low
to
sup
por
t m
ost
typ
es
of
aqu
ati
c
lif
e.
Suc
h c
rit
ica
l o
xyg
en
red
uct
ion
s a
nnu
all
y a
ffe
ct
lar
ge
par
ts
of
Lak
e E
rie
and
, i
nde
ed,
are
an
exp
ect
ed
res
ult
of
gro
ss
eut
rop
hic
ati
on.
Pres
entl
y,
the
open
wate
rs o
f La
ke H
uron
have
no o
xyge
n p
robl
ems.
Isol
ated
low
oxyg
en c
once
ntra
tion
s in
near
shor
e ar
eas
of L
ake
Huro
n ha
ve b
een
disc
usse
d i
n
Chap
ter
4.
Even
the
thre
at o
f ph
ytop
lank
ton
grow
th i
n th
e op
en w
ater
s of
the
lake
caus
ing
oxyg
en
prob
lems
is n
ot g
reat
.
Howe
ver,
trac
ing
chlo
roph
yll
a co
ncen
tra—
tion
s ca
n i
ndic
ate
deve
lopi
ng p
robl
em a
reas
.
Addi
tion
ally
, c
hang
ing
chlo
roph
yll
conc
entr
atio
ns
are
a si
gnal
to l
ook
for
more
subt
le p
robl
ems
in t
he l
ake.
For
insta
nce,
sligh
tly
incre
asing
value
s, a
lthou
gh no
t gr
eat
enoug
h to
cause
oxyge
n
deple
tions
, ma
y in
dicat
e ph
ytopl
ankto
n spe
cies
chang
es a
re o
ccurr
ing w
hich
could
affect the food web of the community. On the other hand, decreasing chlorophyll
concentrations should prompt researchers and managers to search for toxic sub-
stances in the lake.
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FIGURE 5. 4-19 CH
LO
RO
PH
YL
L
0‘
CO
NC
EN
TR
AT
IO
NS
IN
TH
E
TO
P
20
ME
TR
ES
OF
LA
KE
HU
RO
N
IN
19
74
.
Co
nc
en
tr
at
io
ns
ar
e
re
po
rt
ed
in
ug
/S
L.
Wi
nt
er
va
lu
es
ar
e
un
co
rr
ec
te
d
fo
r
ch
lo
ro
ph
yl
l
de
gr
ad
at
io
n
pr
od
uc
ts
.
Wi
nt
er
va
lu
es
ar
e
no
t
us
ed
in
c
a
l
c
u
l
a
t
i
n
g
a
n
n
u
a
l
a
v
e
r
a
g
e
s
.
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L
e
g
a
c
i
e
m
n
i
,
.
v
.
“
In
mos
t o
f t
he
ope
n w
ate
rs
of
Lak
e H
uro
n,
chl
oro
phy
ll
a c
onc
ent
rat
ion
s a
ver
age
abo
ut
1.5
ug/
Q
(53
—55
).
The
re
is
geo
gra
phi
cal
and
sea
son
al
var
iab
ili
ty
in
tha
t
rou
gh
ave
rag
e,
but
the
imp
lic
ati
on
is
tha
t L
ake
Hur
on
is
oli
got
rop
hic
.
By
com
—
par
iso
n,
chl
oro
phy
ll
a c
onc
ent
rat
ion
s a
ver
age
abo
ut
10
ug/
£
in
the
wes
ter
n b
asi
n o
f
Lak
e
Eri
e,
and
abo
ut
4
ug/
L
in
Lak
e
Ont
ari
o
(2,
31)
.
Geo
gra
phi
cal
var
iat
ion
s
in
Lak
e H
uro
n's
chl
oro
phy
ll
a
con
cen
tra
tio
ns
fol
low
an
eas
ily
exp
lai
nab
le
pat
ter
n
(Fi
gur
e 5
.4—
19)
.
Bas
ed
on
the
com
bin
ed
dat
a f
rom
197
4
sam
pli
ngs
by
CCI
W (
53)
,
the
Gre
at
Lak
es
Res
ear
ch
Div
isi
on
of
the
Uni
ver
sit
y o
f
Mic
hig
an
(54
),
and
the
Gre
at
Lak
es
Sur
vei
lla
nce
Bra
nch
of
the
U.S
. E
nvi
ron
men
tal
Pro
tec
tio
n A
gen
cy
(55
),
hig
hes
t s
eas
ona
l a
ver
age
con
cen
tra
tio
ns
are
fou
nd
in
the
are
a o
f L
ake
Hur
on
rec
eiv
ing
wat
er
dir
ect
ly
fro
m L
ake
Mic
hig
an
(Se
gme
nt
5).
Chl
o-
rop
hyl
l c
onc
ent
rat
ion
wit
hin
tha
t a
rea
ave
rag
ed
2.7
ug/
Q i
n t
he
spr
ing
, a
val
ue
ind
ica
tiv
e o
f s
lig
htl
y m
eso
tro
phi
c w
ate
r.
Con
cen
tra
tio
ns
in
the
cen
tra
l p
art
of
the
lak
e a
ver
age
onl
y 1
.4
ug/Q
, w
ith
1.7
ug/
Q b
ein
g t
he
hig
h s
eas
ona
l a
ver
age
.
Sou
the
rn
por
tio
ns
of
the
lak
e (
Seg
men
ts
7 an
d 8
) h
ave
chl
oro
phy
ll
con
cen
tra
tio
ns
aver
agin
g al
most
the
same
as t
he c
entr
al p
orti
on.
Howe
ver,
enri
chme
nt f
rom
Sagi
naw
Bay
and
from
Onta
rio
muni
cipa
liti
es r
esul
ts i
n co
ncen
trat
ions
of c
hlor
ophy
ll a
at
cert
ain
stat
ions
in t
he s
outh
ern
part
of t
he l
ake
high
er
than
in a
ny o
ther
area
.
Seas
onal
vari
atio
ns i
n ch
loro
phyl
l a
conc
entr
atio
ns
show
a sp
ring
peak
in M
ay,
follo
wed
by a
decli
ne i
n the
Summe
r, a
nd an
other
small
er pe
ak i
n the
fall
(Figu
re
5.4—2
0).
This
seaso
nal
patte
rn is
simil
ar to
fluct
uatio
ns d
escri
bed b
y Vol
lenwe
ider,
at al. (2) and by Glooschenko, at aZ. (32).
Chlorophyll a data were taken in Lake Huron in a 1965 survey by the Federal
Water
Pollu
tion
Contr
ol Ad
minis
trati
on (
33).
Their
data
show
chlor
ophyl
l a
con—
centrations slightly higher than the concentrations measured in 1974. However, the
1965 data are reported as uncorrected chlorophyll a. Correction for chlorophyll
degradation products would reduce the 1965 concentrations by an undetermined
amount. Differences in the corrected and uncorrected values in the 1974 data are
about 0.2 ug/l. Adjusting the 1965 data by that amount brings it in line with the
1974 concentrations. A 1971 study by CCIW (34) shows slightly higher corrected
chlorophyll a concentrations in Lake Huron, particularly in the portion of Lake
Huron affected by Saginaw Bay. These differences may be within the expected
statistical variation, but waste reductions have occurred in the Saginaw Bay water—
shed between 1971 and 1974, and the lower chlorophyll a values in 1974 are likely a
reflection of those waste reductions.
14C
Primary production rates, as measured by the assimilation rate of 14C, are
also indicative of the trophic status of a lake. In central Lake Huron, primary
production rates reported by Glooschenko at al. (32) average less than 2.0 mg C/m3-h
Production rates are slightly higher in northern and southern portions of the lake
and four times higher near Saginaw Bay. By contrast, average primaryproduction
rates in the western basin of Lake Erie are 40 mg/m3~h and are 6—10 mg/m3-h in Lake
Ontario.
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GEORGIAN BAY
PHYTOPLANKTON
The
phy
top
lan
kto
n
com
mun
ity
of
Geo
rgi
an
Bay
has
not
bee
n
ext
ens
ive
ly
stu
die
d
in
the
pa
st
(2)
.
Th
e
pr
es
en
t
as
se
ss
me
nt
is
ba
se
d
on
st
ud
ie
s
ca
rr
ie
d o
ut
by
Mu
na
wa
r
(35
).
Spe
cie
s
com
pos
iti
on
and
bio
mas
s
wer
e
est
ima
ted
fro
m
Lug
ol—
pre
ser
ved
int
e-
gra
ted
sam
ple
s
(0—
20
m)
col
lec
ted
at
16
sta
tio
ns
acr
oss
Geo
rgi
an
Bay
dur
ing
sev
en
cr
ui
se
s
co
nd
uc
te
d
by
CC
TW
be
tw
ee
n
Ap
ri
l
an
d
No
ve
mb
er
197
4.
Fig
ure
5.4
—21
sho
ws
the
bay
wid
e
sea
son
al
flu
ctu
ati
on
of
tot
al
phy
top
lan
kto
n
bio
mas
s a
nd
its
tax
ono
mic
com
pos
iti
on
in
Geo
rgi
an
Bay
.
Fig
ure
5.4
—22
sho
ws
the
per
cen
t
com
pos
iti
on
of
six
phy
top
lan
kto
n g
rou
ps
at
16
sta
tio
ns
acr
oss
the
bay
.
The
tot
al
bio
mas
s
ran
ged
bet
wee
n 0
.3
and
0.6
g/m
3.
Rel
ati
vel
y h
igh
tot
al
bio
mas
s
con
cen
tra
tio
ns
wer
e o
bse
rve
d
in
spr
ing
and
fal
l w
ith
a w
ell
dev
elo
ped
max
imu
m
(0.
6
g/m3) recorded during September.
Bas
ed
on
the
per
cen
tag
e o
f c
ell
vol
ume
or
bio
mas
s,
the
bio
mas
s w
as
mad
e u
p o
f
all
six
phy
top
lan
kto
n g
rou
ps
but
dia
tom
s a
nd
chr
yso
mon
ad
fla
gel
lat
es
dom
ina
ted
the
com
mun
ity
.
By
sea
son
, t
he
spr
ing
pul
se
con
sis
ted
mai
nly
of
dia
tom
s (
52%)
, c
hry
so-
mon
ads
(25%
),
and
blu
e—g
ree
ns
(9%)
.
Sim
ila
rly
, t
he
fall
pea
k w
as
als
o d
omi
nat
ed
by
diatoms (51%), chrysomonads (26%), and blue—greens (9%).
The
weig
hted
valu
es
for
phyt
opla
nkto
n bi
omas
s ar
e gi
ven
in T
able
5.4—
5 fo
r th
e
vari
ous
segm
ents
of G
eorg
ian
Bay
(the
open
wate
r s
egme
nts
are
show
n in
Figu
re
5.3—4
).
On th
e ave
rage,
low b
iomas
s co
ncent
ratio
n (4
00 mg
/m3)
was
obser
ved
in th
e
northwestern, western, and midlake portions of the bay (Segments 3, 10—13, and 17),
and higher concentrations (540 to 750 mg/m3) in the southern, eastern, and north—
eastern portions (Segments 14—16 and 18). For the phytoplankton community as a
whole, no consistent trend was apparent as far as the attainment of a spring pulse
in the different Segments is concerned. A few pulses were obtained during May,
others were observed in June. However, the fall maximum was generally observed
during September.
When one examines baywide fluctuations by algal group (Figure 5.4—22), rather
than for the phytoplankton community as a whole, diatoms frequently made up 40% or
more of the phytoplankton biomass, especially in the inshore regions, except along
the western shoreline. In general, for the bay as a whole, diatoms show a weakly
bimodal abundance pattern but with considerable variation by segment. In most
segments, there was a single broad spring peak in June or July. Segments 15, 16,
and 18 show a weakly bimodal pattern, with the fall peak more extensive than the
spring, and some tendency for a midsummer minimum.
Chrysomonads, the second most abundant group by volume, also show a weakly
bimodal pattern in the bay as a whole, but again with considerablevariation by
segment. In Segments 10, 14, and 15 a single spring peak was evident; in Segments
11, 12, 13, and 16 a single fall peak was observed; and in Segments 3, 17, and 18
(where year—round averages tended to be highest), a weakly bimodal pattern was
observed.
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 GEORGIAN BAY HEIGHTED PHYTOPLANKTON BIOMASS (197L03’b
(mg/m
TABLE 5.4—5
  
Segment
April
May
June
Ju1y
AugUSt
September
November
3 393.6 424 7 396.2 722.6 302 5 432 1 145.5
10 194.0 720 0 493 3 454.1 332.3 255.3 333 7
11 101.0 274.2 555.7 359.1 343.0 451.4 299 2
12 297.1 278.7 415.2 232.8 384.0 584.1 204.5
13 244.1 405.6 414.7 257 9 606.2 401.5 130 7
14 326.2 607.4 640.3 508.9 515.6 499.2 182 3
15 644.5 516 7 593.2 700 3 508.2 2071.7 175.5
16 314.1 689.0 838.0 390.1 495.7 733.7 /97 7
17 333.2 442.0 416.6 355.2 360.7 452.9 304.4
18 644.7 704.7 364.3 488.2 412.8 800.5 339 7
a. Segments shown on Figure 5.3—4.
b. From Reference (35).
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Bl
ue
—g
re
en
an
d
gr
ee
n
al
ga
e,
wh
ic
h
fr
eq
ue
nt
ly
co
mp
ri
se
15
—2
0%
by
vo
lu
me
ea
ch
of
th
e
to
ta
l
al
ga
l
bi
om
as
s,
al
so
sh
ow
no
cl
ea
r
tr
en
ds
of
se
as
on
al
cy
cl
es
fo
r
mo
st
se
gm
en
ts
an
d
sh
ow
co
ns
id
er
ab
le
va
ri
at
io
n
fr
om
cr
ui
se
to
cr
ui
se
.
Bl
ue
—g
re
en
bi
om
as
s
wa
s
co
ns
is
te
nt
ly
be
lo
w
th
e
ba
y
av
er
ag
e
in
Se
gm
en
t
3,
we
ak
ly
bi
mo
da
l
wi
th
a
la
te
sp
ri
ng
pu
ls
e
in
Se
gm
en
ts
16
an
d
18
,
an
d
a
fa
ll
pu
ls
e
in
Se
gm
en
t
17
.
Si
mi
la
rl
y,
va
lu
es
fo
r
gr
ee
n
al
ga
l
bi
om
as
s
te
nd
to
be
we
ak
ly
bi
mo
da
l
in
Se
gm
en
ts
11
,
12
,
13
,
an
d
17
;
sh
ow
a
su
mm
er
pu
ls
e
in
Se
gm
en
ts
14
,
15
,
an
d
16
;
an
d
a
we
ak
sp
ri
ng
pu
ls
e
in
Segments 10 and 18.
Di
no
fl
ag
el
la
te
an
d
cr
yp
to
mo
na
d
bi
om
as
s
va
lu
es
ar
e
fr
eq
ue
nt
ly
lo
w
an
d
la
ck
su
ff
ic
ie
nt
st
at
io
ns
to
pr
ov
id
e
ad
eq
ua
te
re
gi
on
al
va
lu
es
.
Th
e
sp
ec
ie
s
co
mp
os
it
io
n
of
th
e
ba
y
in
di
ca
te
s
th
at
na
nn
op
la
nk
to
n
(<
64
um
)
co
n-
tr
ib
ut
e
si
gn
if
ic
an
tl
y
to
bi
om
as
s
as
co
mp
ar
ed
to
ne
tp
la
nk
to
n,
in
ag
re
em
en
t
wi
th
ob
se
rv
at
io
ns
ma
de
in
ot
he
r
Gr
ea
t
La
ke
s
(4
5,
47
).
Th
is
is
fu
rt
he
r
su
pp
or
te
d
by
14
C
fr
ac
ti
on
at
io
n
ex
pe
ri
me
nt
s
wh
ic
h
cl
ea
rl
y
in
di
ca
te
th
at
na
nn
op
la
nk
to
n
no
t
on
ly
do
mi
-
na
te
th
e
co
mm
un
it
y
bu
t
al
so
co
nt
ri
bu
te
ov
er
wh
el
mi
ng
ly
to
pr
im
ar
y
pr
od
uc
ti
on
(4
9)
.
Th
is
ha
s
fa
r—
re
ac
hi
ng
im
pl
ic
at
io
ns
in
th
e
tr
an
sf
er
of
nu
tr
ie
nt
s
an
d
co
nt
am
in
an
ts
through the food chain.
Th
e
Ge
or
gi
an
Ba
y
ph
yt
op
la
nk
to
n
in
ge
ne
ra
l
sh
ow
fl
or
a
no
rm
al
ly
as
so
ci
at
ed
wi
th
ol
ig
ot
ro
ph
ic
wa
te
rs
.
Th
e
26
sp
ec
ie
s
fo
un
d
as
do
mi
na
nt
s
at
on
e
or
mo
re
of
ei
gh
t
re
fe
re
nc
e
st
at
io
ns
ar
e
li
st
ed
in
Ta
bl
e
5.4
—6.
Mo
st
of
th
es
e
we
re
al
so
do
mi
na
nt
s
in
th
e
No
rt
h
Ch
an
ne
l
(42
)
an
d
in
La
ke
Hu
ro
n
(37
).
Di
ve
rs
it
y,
as
in
te
rp
re
te
d
fr
om
sp
ec
ie
s
ri
ch
ne
ss
,
is
no
t
so
gr
ea
t
as
in
La
ke
Hu
ro
n
pr
op
er
or
in
th
e
No
rt
h
Ch
an
ne
l.
Spe
cie
s
suc
ces
sio
n
and
per
iod
ici
ty
by
sea
son
is
des
cri
bed
bel
ow
for
tho
se
spe
cie
s
whi
ch
com
pri
se
10%
or
mor
e
by
bio
mas
s
of
the
phy
top
lan
kto
n
com
mun
ity
.
Dur
ing
spr
ing
the
phy
top
lan
kto
n w
as
mai
nly
com
pos
ed
of
Gom
pho
sph
aer
éa
Zac
ust
ris
,
Aph
ano
cap
sa
sp.
, C
hlo
reZ
Za
sp.
, O
ocy
sti
s
Zac
ust
ris
,
Cer
ast
rum
mic
rop
oru
m,
Din
obr
yon
cyl
ind
ric
um,
D.s
ert
uZa
ria
, D
.di
ver
gen
s,
Uro
gle
na
ame
ric
anu
m,
and
Pse
udo
kep
hyr
ion
att
enu
atu
m.
The
dia
tom
pop
ula
tio
n c
ons
ist
ed
of
som
e o
lig
otr
oph
ic
and
a f
ew
eur
yto
pic
spe
cie
s.
The
eur
yto
pic
spe
cie
s w
ere
Ast
eri
one
ZZa
gra
ciZ
Zim
a,
Fra
gil
ari
a c
rot
one
nsi
s,
Tab
eZZ
ari
a f
ene
str
ata
, a
nd
Rhi
zos
ole
nia
gra
cil
is.
Dia
tom
spec
ies
refl
ecti
ng b
ette
r wa
ter
qual
ity
were
Cycl
oteZ
Za o
ceZZ
ata,
0.00
mens
is,
C.c
omt
a,
C.s
teZ
Zig
era
, S
yne
dra
acu
s v
ar.
rad
ian
s,
and
S.u
Zna
.
Amo
ng
the
phy
to-
flag
ella
tes,
most
belo
nged
to c
hrys
omon
ads
usua
lly
foun
d in
olig
otro
phic
lake
s.
Howe
ver,
cryp
tomo
nads
and
dino
flag
ella
tes
like
Rhod
omon
as
minu
ta,
Gymn
odin
ium
uber
rimu
m,
and
G.he
Zvet
£cum
were
comm
on i
n th
e ba
y.
Such
spec
ies
are
foun
d in
a
variety of nutrient conditions ranging from oligotrophy to eutrophy.
The summer community was composed of Chroococcus turgidus, Anabaena sp.,
Cerastrum microporum, GZoeocystis sp., Dictyosphaerium pchheZZum, Uroglena
americana, CycloteZZa oceZZata, C. comta, TabeZZaria fenestrata, Fragilaria
crotonensis, and Rhodomonas minuta.
.The fall assemblage was composed of Gomphosphaeria Zacustris, UrogZena
amerrcana, Chrysochromulina parva, CycloteZZa oceZZata, C. comta, TabeZZaria
fenestrata, Fragilaria crotonensis, F.0apucina, Melosira granulata, Rhodomonas
minuta, and Gymnodinium uberrimum.
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 TABLE 5.4—6
DOMINANT PHYTOPLANKTON SPECIES IN GEORGIAN BAY (1974)81
(Species which made up 5% or more by number at any one station)
 
SPECIES
Blue—Green Algae
Aphanocapsa delicatissima West and West
Aphanothece cZathrata West and West
Chroococcus dispersus D. minor G. M. Smith
Chroococcus Sp.
Gomphosphaeria Zacustris Chod.
Microcystis firma (Breb & Lenorm) Schmidle
Green Algae
ChloreZZa sp.
Cerastrum microporum Naegell
Oocystis 3p.
Scenedesmus bijuga (Trup.) Lagerheim
S. bijuga var. alternans (Reinsch.) Hansgirg
Chrysomonads
Chrysochromulina parva Lackey
Dinobryon cylindricum Imhof
Ochromonas sp.
Pseudokephyrion attenuatum
Uroglena 3p.
Diatoms
CchoteZZa bodanica Eulenst.
C. oceZZata Pant.
Cyclotella 3p.
Fragilaria capucina Desm.
F. crotonensis (Edw.)Kitton
Fragilaria sp.
Rh
iz
os
ol
en
éa
er
ie
ns
is
H.
L.
Sm
it
h
R. gracilis H. L. Smith
Cryptomonads
Ka
ta
bZ
ep
ha
ri
s
ov
aZ
is
Sk
uj
a
Rhodomonas minuta Skuja
 
a.
Fr
om
Re
fe
re
nc
e
(3
5)
.
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Ther
e is
a te
nden
cy f
or p
rima
ry p
rodu
ctio
n to
be r
elat
ed t
o ch
loro
phyl
l co
n-
centration. Although the total phytoplankton biomass did not show any consistent
pulse pattern in the various segments, a weakly bimodal pattern was shown by chlo—
rophyll a (Table 5.4—7) and by primary production (Table 5.4—8) (36).
While estimates of phytoplankton biomass (from cell counts and volume esti—
mates) and of chlorophyll a are not closely correlated, they generally agree in
producing a picture for the bay of relatively low year—round phytoplankton abund—
ance, with only slight seasonal maxima and horizontal gradients. A summer minimum
is apparent in both parameters. In general, the phytoplankton biomass and species
composition suggest that Georgian Bay is oligotrophic in nature, although some
local regions do show signs of environmental stress, such as the southern and
southeastern segments, and particularly the nearshore portion of Segment 15. The
sampling station located in this region contained species like Malosira granulata
and Fragilaria capucina, which are usually associated with eutrophication, thus
indicating perturbed conditions.
ZOOPLANKTON
The crustacean species present in Georgian Bay (38) are the same as those in
the rest of the Laurentian Great Lakes (39). Cyclopoid copepods are the most
numerous group of crustacean zooplankton, followed by calanoids and a few cladoc—
erans. Similar relative abundances of most cyclopoid and calanoid copepods were
observed in Georgian Bay to those described by Carter (40) in Parry Sound:
(Dia)cch0ps bicuspidatus thomasi is the most abundant and widespread cyclopoid
copepod; Tropocyclops prasinus and Mesocyclops edax are relatively widespread at
low abundances. Diaptomus ashlandi, D. minutus, D. oregonensis and D. sicilis, in
descending order, are relatively widespread calanoids during the summer season, as
are juveniles 0f LimnocaZanus macrurus. The most common and widespread cladoceran
is Bosmina Zongirostris. Overall numbers, exclusive of nauplii, are low in spring,
tend to increase to a maximum by July, and remain relatively constant through the
summer and fall, reaching a second period of maximum values in November (Table
5.4—9).
The calanoid copepod fraction of estimated biomass is equal to 40% or more of
the total crustacean biomass. Cyclopoids, because of their small size, contribute
far less than their numerical dominance, and cladocerans are abundant and make an
important contribution to the biomass only in the summer season. As a result,
crustacean biomass is low in the spring, and increases to a maximum in late July,
but remains relatively high until November (Table 5.4—9). Total abundance and
biomass concentration are both considerably lower than main Lake Huron values and
slightly below North Channel values, while the relative importance of particular
species and groups differs considerably from other Great Lakes. Diacyclops
bicuspidatus thomasi and Bosmina longirostris are dominant organisms, as in the
Lower Lakes, but are not nearly so abundant as in Lake Huron, where other forms are
relatively more numerous as well. These relatively sparse, large, long—lived
crustaceans, found together with a predominance of opportunistic species, might
well
be highly
susceptible
to
increases
in nutrient
loadings.
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TABLE 5.4-7
  
April
May
June
July
August
September
November
Segment
3
1.41
2.06
1.48
1.10
1.35
2.34
1.00
10
1.28
1.43
1.46
0.52
0.95
1.09
--
11
1.28
1.34
1.51
0.64
0.78
1.13
0.94
12
1.31
1.25
1.74
0.52
1.07
1.16
0.80
13
1.48
1.28
1.67
0.57
1.09
1.13
0.80
14
1.85
1.86
2.31
0.62
1.21
1.28
1.05
15
2.28
2.09
2.46
0.72
1.38
1.90
1.25
16
1.48
1.75
1.64
0.77
1.33
1.42
1.07
17
1.37
1.42
1.63
0.69
1.18
1.28
0.91
18
1.54
2.00
1.32
0.99
1.30
1.80
1.37
Bay Mean
1.48
1.61
1.68
0.76
1.19
1.41
1.00
  
a.
Segments
shown
on
Figure
5.3—4.
b.
Information
from
Reference
(36).
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BENTHOS
The benthic fauna of Georgian Bay is dominated by Pontoporaia affinis and
several species of oligochaetes and chironomid taxa (41) characteristic of oligo—
trophic conditions. Numbers and biomass are highest in the northwest and southeast
(Segments 3 and 15) (Table 5.4—10). The occurrence of one form, the small poly—
chaete worm Manayunkia, in shallow waters in Segment 15 deserves some comment. This
small worm, originally collected from brackish waters, has been reported from
harbour stations in Lake Erie and Lake Superior. It is difficult to say whether
this worm has been overlooked in previous surveys or whether it is a recent invader.
Certainly it can survive in a wide varietyof habitats, including polluted ones,
and an area where it is present must be evaluated closely for potential or existing
problems.
SUMMARY
In general, biological conditions in Georgian Bay show relatively high numbers
of species, low standing crop and production, with a good balance between species
(no preponderance of one species — bloom conditions). Species composition, espe—
cially of phytoplankton, appears to be a mixture of elements similar to those found
in Lake Superior and those fOund in Lake Huron. These elements are most distinct
in water masses originating from Precambrian Shield areas and Lake Huron. Because
of seasonal changes in flow and mixing, distribution patterns tend to be variable,
and no permanent gradients of abundance are evident.
Biomass estimates suggest that the bay waters are oligotrophic in nature.
Despite this, mid—summer declines in chlorophyll concentrations and phytoplankton
are similar to the situations in more eutrophic, shallow lakes where standing
stocks in the epilimnion are believed to be seasonally reduced by reductions in
available nutrient concentrations. The seasonally bimodal nature of phytoplankton
standing stock would be expected to increase with increased loadings.
NORTH CHANNEL
PHYTOPLANKTON
The
phyt
opla
nkto
n co
mmun
ity
of t
he N
orth
Chan
nel
has
not
been
exte
nsiv
ely
studied in the past. The present assessment is based on studies carried out by
Munawar (42). Species composition and biomass were estimated from Lugol-preserved
integrated samples (0—20 m) collected at eight stations across the North Channel
during five curises conducted between May and October 1974.
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 TABLE 5.4-9
GEORGIAN BAY TOTAL CRUSTACEA EXCLUDING NAUPLII (1974)a
 
(#/m3)
Cr
ui
se
Ap
ri
l
Ma
y
Ju
ne
Ju
ly
Au
gu
st
Se
pt
em
be
r
No
ve
mb
er
Se
gm
en
t
3
9.6
8.7
32.
6
45.
9
50.
0
29.
2
24.
5
11
16
.5
10
.2
9.
9
22
.1
31
.6
18
.8
38
.9
12
20
.8
15.
6
13.
6
20.
5
23.
8
27.
2
55
.3
13
11
.2
10
.4
6.
8
35
.7
21
.7
21
.9
43
.4
14
13.
8
6.7
4.2
33.
3
17.
0
19.
3
42
.5
15
18.
7
8.5
18.
1
40.
4
18.
2
26
.6
38.
7
16
8.9
6.2
16.
8
30.
4
12.
5
16.
2
28.
0
17
15.
0
11.
0
8.5
34.
1
24.
9
24.
7
42.
9
18
9.8
7.2
16.
3
31.
1
45.
5
16.
4
14.
3
Bay
Mea
n
13.
4
9.3
12.
5
32.
8
26.
3
22.
5
36.
5
 
Biomass (mg/m3)
 
Seg
men
t
3
10.
07
8.0
0
27.
65
42.
08
63.
85
45.
44
34.
25
11
10.
10
7.0
0
7.3
6
17.
43
29.
92
18.
29
28.
44
12
7.2
5
4.6
5
4.7
4
10.
82
14.
72
16.
08
18.
29
13
5.82
4.82
4.20
24.3
5
22.
47
16.
70
21.
66
14
11.5
5
5.99
4.95
48.9
0
25.4
0
27.4
0
33.0
0
15
14.4
4
5.71
13.6
2
36.1
2
21.6
1
44.2
2
31.9
2
16
8.67
9.50
26.8
4
63.4
7
24.8
1
36.4
3
28.5
3
17
8.15
6.88
6.33
28.4
3
21.4
3
24.0
8
29.9
2
18 11.44 12.90 21.07 42.34 69.80 28.06 26.50
Bay Mean 9.30 7.64 12.52 36.36 30.52 28.12 29.10
  
‘
3
2
.
:
(
‘
r
i
g
a
‘
2
X
‘
1
‘
u
'
v
‘
n
i
i
'
ﬂ
'
w
y
2
-
.
.
.
w
.
.
x
w
-
s
a. Segments shown on Figure 5.3—4.
486
 
 TABLE 5.4-10
GEORGIAN
BAY
MACROINVERTEBRATE
NUMBERS
BY
GROUP
(1974)
    
(if/m2)
Pont.
Nem.
Sphaer.
Olig.
Chiron.
Misc.
Total
Segment
3
2925
960
1709
750
319
23
6686
10
1803
640
559
505
28
44
3577
11
956
900
299
778
20
9
2962
12
1349
354
150
211
27
9
2100
13
1002
344
93
49
51
5
1544
14
909
460
220
70
158
28
1845
15
293
2719
579
1740
173
377
5881
16 1523 1303 730 649 145 100 4450
17
1794
524
399
435
39
24
3215
18
1723
921
606
236
109
36
3631
Bay Mean
1539
816
520
498
94
50
3517
Benthos biomass by group (mg/m2)
Segment 3 519.4 4.8 115.6 67.4 15.4 7.7 730.3
10 320.1 3.2 37.8 39.1 0.4 2.8 403.2
11 169.7 4.5 20.3 81.1 0.5 0.2 276.3
12 230.7 1.8 10.2 18.6 0.4 0.3 262.0
13 177.9 1.7 6.3 8.4 2.4 1.0 197.6
14 161.5 2.3 14.8 10.1 5.0 5.5 199.2
15 52.0 13.6 39.2 165.1 10.7 266.5 447_1
16 270.4 6.5 49.4 52.7 3.4 32.8 415.2
17 318.3 2.6 27.0 39.4 1.0 4.1 392.4
18 305.9 4.6 41.0 19.5 3.2 7.5 381.7
Bay
Mean
276.
3
4.1
35.2
45.5
3.3
19.9
384.
3
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p
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c
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p
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p
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p
t
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p
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r
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n
a
p
e
r
c
e
n
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e
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i
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e
p
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p
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i
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p
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c
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p
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ra
is
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l
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e
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.
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ra
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nn
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d
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s
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 TABLE 5.4-11
WEIGHTEB PHYTOPLANKTON BIOMAss VALUES
(MG/M3)
FOR
THE
NORTH
CHANNEL,
1974a
 
SEGMENTb
MAY
JUNE
JULY
AUGUST
OCTOBER
154.1 329.8 218.3 124.8 66.8
2 159.4 313.7 239.1 219.4 135.5
C
425.1
176.7
715.7
285.5
467 1
     
D
.
From Reference (42).
Segments are shown in Figure 5.3—4.
Only data from the North Channel portion of segment 3 is
included here.
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TABLE 5.4—12
D
O
M
I
N
A
N
T
P
H
Y
T
O
P
L
A
N
K
T
O
N
S
P
E
C
I
E
S
I
N
T
H
E
N
O
R
T
H
C
H
A
N
N
E
L
(
1
9
7
4
)
(
S
p
e
c
i
e
s
w
h
i
c
h
m
a
d
e
u
p
5
%
o
r
m
o
r
e
b
y
n
u
m
b
e
r
a
t
a
n
y
o
n
e
s
t
a
t
i
o
n
)
SPECIES
 
Blue—Green Algae
A
n
a
b
a
e
n
a
c
i
r
c
i
n
a
l
i
s
A
p
h
a
n
o
c
a
p
s
a
d
e
l
i
c
a
t
i
s
s
i
m
a
Ap
ha
no
th
ec
e
c
Za
th
ra
ta
C
h
r
o
o
c
o
c
c
u
s
d
i
s
p
e
r
s
u
s
C
h
r
o
o
c
o
c
c
u
s
d
i
s
p
e
r
s
u
s
v
a
r
.
m
i
n
o
r
C
h
r
o
o
c
o
c
c
u
s
Z
i
m
n
e
t
i
c
u
s
va
r
.
c
a
r
n
e
u
s
C
h
r
o
o
c
o
c
c
u
s
Z
i
m
n
e
t
i
c
u
s
G
o
m
p
h
o
s
p
h
a
e
r
i
a
Z
a
c
u
s
t
r
i
s
va
r.
c
o
m
p
a
c
t
a
O
s
c
i
l
l
a
t
o
r
i
a
Zi
mn
et
ic
a
Oscillatoria minima
Green Algae
C
h
l
a
m
y
d
o
m
o
n
a
s
e
p
y
p
h
y
t
i
c
a
C
h
l
a
m
y
d
o
m
o
n
a
s
g
Z
o
e
o
p
a
r
a
C
r
u
c
i
g
e
n
i
a
q
u
a
d
r
a
t
a
GZoeocystis gigas
Q
u
a
d
r
i
g
u
l
a
Z
a
c
u
s
t
r
i
s
S
c
e
n
e
d
e
s
m
u
s
b
i
j
u
g
a
v
a
r
.
i
r
r
e
g
u
l
a
r
i
s
S
p
h
a
e
r
o
c
y
s
t
i
s
s
c
h
r
o
e
t
e
r
i
Chrysomonads
Chromulina 3p.
Ch
ry
so
ch
oc
cu
s
pu
nc
ti
fb
rm
és
C
h
r
y
s
o
s
p
h
a
e
r
e
l
l
a
l
o
n
g
i
s
p
i
n
a
Ch
ry
so
ch
ro
mu
li
na
pa
rv
a
Dinobryon bavaricum
Dinobryon cylindricum
Dinobryon divergens
Di
no
br
yo
n
so
ci
al
e
va
r.
am
er
ic
an
um
Di
no
br
yo
n
di
ve
rg
en
s
va
r.
sc
ha
ui
ns
la
nd
ii
Ochromonas sp.
Pseudokephyrion attenuatum
Ps
eu
do
ke
ph
yr
io
n
en
tz
éi
UrogZena americana
Uroglena volvox
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Diatoms
A
s
t
e
r
i
o
n
e
Z
Z
a
f
b
r
m
o
s
a
C
y
c
l
o
t
e
Z
Z
a
c
o
m
t
a
c
y
c
l
o
t
e
Z
Z
a
g
Z
o
m
e
r
a
t
a
C
y
c
l
o
t
e
Z
Z
a
k
u
t
z
i
n
g
i
a
n
a
C
y
c
l
o
t
e
Z
Z
a
o
c
e
Z
Z
a
t
a
D
i
a
t
o
m
a
e
l
o
n
g
a
t
u
m
E
y
a
g
i
l
a
r
i
a
c
r
o
t
o
n
e
n
s
i
s
R
h
i
z
o
s
o
l
e
n
i
a
e
r
i
e
n
s
i
s
s
y
n
e
d
r
a
a
c
u
s
v
a
r
.
r
a
d
i
a
n
s
T
u
b
e
l
l
a
r
i
a
f
e
n
e
s
t
r
a
t
a
Cryptomonads
K
a
t
a
b
l
e
p
h
a
r
i
s
o
v
a
Z
i
s
Rhodomonas minuta
R
h
o
d
o
m
o
n
a
s
m
i
n
u
t
a
v
a
r
.
n
a
n
n
o
p
l
a
n
c
t
i
c
a
 
 The biomass and species composition data indicate that the North Channel is
oligotrophic with the exception of localized areas in Segment 3. The species
composition has similarities with adjacent water bodies to which it is connected
but it still displays some unique features of its own. For example, the dominance
of diatoms in the North Channel is quite similar to main Lake Huron (37). On the
other hand, the dominant species composition is more similar to Georgian Bay (35)
than main Lake Huron, yet it does not show the distinct shift of species in various
seasons which has been observed in Georgian Bay.
Segment 3 of the North Channel shows signs of perturbation. This segment has
a relatively high biomass concentration compared to Segments 1 and 2. Also, one of
the species often associated with eutrophication (44, 46) was found in considerable
concentration at one station in Segment 3. This clearly suggests changing environ—
mental conditions in that region similar to those observed in the nearshore region
of Lake Ontario and in other regions under stress.
ZOOPLANKTON
Crustacean zooplankton distributions and species compostion resemble those in
the shallow northern and eastern parts of Georgian Bay (43). The western part of
the North Channel resembled the Whitefish Bay region of Lake Superior in species
abundance and biomass. A west—to-east trend is evident in numbers and biomass in
North Channel. with the eastern portion resembling the northwestern part of Georgian
Bay (Table 5.4—13). Peak numbers and biomass occurred in mid— to late summer
associated with a pulse of development of caldocerans and cyclopoids especially in
the central and eastern parts of the channel. Carter and Watson (43) found that
there appeared to be a tenuous relationship between zooplankton numbers, biomass,
and temperature in the top 10 m of the water column.
BENTHOS
Loveridge and Cook (41) found an average of 4635 organisms/m2 in a study of
the benthic fauna at 55 stations in the North Channel. The average biomass was
0.54 g/m2. These estimates are about 50% higher than similar ones for Georgian
Bay. Overall proportions of major taxa and biomass are similar to those found in
Georgian Bay. A regional breakdown indicates higher numbers and biomass in the
central portion of the channel, with a secondary area of abundance in the extreme
eastern end of the channel (Table 5.4—14) which is similar to the high abundance
found in the northwestern part of Georgian Bay.
CHLOROPHYLL a
Chlorophyll a content of surface waters (36) is weakly bimodal with spring and
fall peaks and a summer minimum (Figure 5.4-25). Peak values of up to 3 ug/Q were
found in the extreme east and west ends of the channel. Chlorophyll a values
slightly exceeded those found in Georgian Bay, and resembled those found in northern
Lake Huron in 1971 (34) and Lake Superior (see Volume III, Chapter 5.4). The
differences observed between estimates of phytoplankton based on cell counts and
those based on chlorOphyll a concentrations are rather marked. The differences are
Probably explained by the more intensive sampling for chlorophyll than for phyto—
plankton species composition
(36 stations vs.
8).
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TABLE 5.4-14
NORTH
CHANNEL MACROINVERTEBRATES BY GROUP
(SEPTEMBER 1973)8
(
#
/
m
2
)
 
Pout.
Nem.
Sphaer.
011g.
Chiron.
Misc.
Total
Segment
1
1445
1247
482
404
152
44
3774
2
2332
688
1054
655
218
99
5046
4
9
5
3
1452
179
897
152
149
14
2840
N°r§2a§hannel 1952
793
860
515
190
71
4381
Biomass (mg/m2)
Segment
1
238
5.9
32.6
39.8
7.0
29.8
354
2
412
3.2
71.0
73.7
7.2
37.3
600
3
258
0.9
60.0
21.5
6.6
11.8
358
N0r§2aﬁhanne1
340
3.8
58.3
56.8
7.1
28.8
495
          
a.
Segments shown on Figure 5.4—19.
 4
9
6
SEGM
ENT
1 0
—0
3
0
—
S
E
G
M
E
N
T
2
A
—
A
o
SE
GM
EN
T
3
0
—
—
0
4
l
O
.
N
l
/
B
w
'
7
0
"
A
q
u
J
o
q
u
I
u
?
,
_
I
 
A
l
M
I
J
‘
J
I
A
I
S
'
O
I
N
I
D
‘
F
I
G
U
R
E
5
.
4
—
2
5
C
H
L
O
R
O
P
H
Y
L
L
on
E
S
T
I
M
A
T
E
O
F
B
I
O
M
A
S
S
IN
T
H
E
N
O
R
T
H
C
H
A
N
N
E
L
D
U
R
I
N
G
19
74
.
In
fo
rm
at
io
n
fr
om
re
fe
re
nc
e
(3
6)
.
 
W
m
 14C
Primary production estimates based on 14C uptake and on average chlorophyll
concentration (36) are similar to those for Lake Huron given by Vollenweider,
et a1. (2).
SUMMARY
From most points of view, the biology of the open waters of the North Channel
is intermediate between the conditions found in Lake Superior and Lake Huron, and
is influenced by its shallow land—locked nature. Species elements and concentra—
tions characteristic of Lake Superior dominate the extreme western end, although
higher quantities of chlorophyll are found in the North Channel waters than are
found in the Whitefish Bay area of Lake Superior. The central portion of the North
Channel frequently appearsto be similar to the contiguous waters of northern Lake
Huron. The eastern end of the channel is very similar in species composition and
biomass to the extreme northwestern part of Georgian Bay. Although there are major
differences in geological and chemical composition between the north and south
shores of the channel, sampling and analysis have not pointed out major differences
in the fauna across the channel.
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ﬂ
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A
S
H
I
N
E
INTRODUCTION
This
section
describes
the
bacteriological
quality
of
the
open
waters
of
Lake
Huron,
North
Channel,
and
Georgian
Bay.
In
addition,
some
nearshore
data
are
presented,
thus
complementing
the
bacteriological
description
of
the
near-
Shore
and
embayment
areas
given
in
Chapter
4.
These
data
describe
baseline
conditions
and
areas
of
bacteriological
degradation,
thereby
delineating
the
extent
of
influence
of
organic
discharges.
BACTERIOLOGICAL PARAMETERS
Four
public-health-oriented
or
trophic
indicator
bacteria
were
utilized
to
characterize
the
bacteriological
water
quality:
total
and
fecal
coliforms,
fecal
streptococci,
and
aerobic
heterotrophs.
COLIFORMS
The
term
"coliform"
is
used
to
describe various
genera
of
the
family
Enterobacteriaceae.
Coliform
bacteria
occur
naturally
in soil,
water,
vegetation,
and
the
intestinal
tract
of
living
organisms
(1).
Although
they are
generally
not
regarded
as
pathogenic,
the
presence and
abundance
of
coliforms
indicate
the
potential
presence
of
pathogenic
enteric organisms.
Sources
of
coliforms
include feces
from man,
animals,
and
some
fish;
domestic
and
industrial
sewage;
and soil and plants.
Fecal coliforms include those genera which specifically originate in the
intestinal
tract of warm—blooded animals;
they show a positive correlation with
fecal contamination from these sources.
A 5—year study of pollution in the
Baltic Sea revealed that fecal coliforms were a more accurate measure than
total coliforms of the extent and diffusion patterns of sewage discharges into
the marine environment
(2).
Therefore,
fecal coliforms are preferable to total
coliforms
as
an
index
to
fecal
contamination.
F
E
C
A
L
S
T
R
E
P
T
O
C
O
C
C
I
Several species of fecal streptococci occur in low numbers in natural
waters; their abundance is conclusive evidence of recent fecal contamination.
In addition, in domestic sewage the ratio of fecal coliforms to fecal strepto—
cocci
is
always
>4.0,
whereas
in
the
feces
of
animals
such
as
cats,
dogs,
or
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.
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r
o
b
i
c
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
a
r
e
e
x
t
r
e
m
e
l
y
s
e
n
s
i
t
i
v
e
t
o
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
n
u
t
r
i
e
n
t
s
a
n
d
,
a
s
s
u
c
h
,
a
r
e
i
n
d
i
c
a
t
o
r
s
o
f
t
h
e
t
r
o
p
h
i
c
s
t
a
t
u
s
o
f
t
h
e
l
a
k
e
.
M
i
n
u
t
e
c
h
a
n
g
e
s
i
n
n
u
t
r
i
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
w
h
i
c
h
m
a
y
n
o
t
b
e
e
a
s
i
l
y
d
e
t
e
c
t
a
b
l
e
o
r
w
h
i
c
h
m
a
y
n
o
t
o
t
h
e
r
w
i
s
e
b
e
c
o
n
s
i
d
e
r
e
d
s
i
g
n
i
f
i
c
a
n
t
,
m
a
y
b
e
i
m
p
o
r
t
a
n
t
t
o
t
h
e
m
i
c
r
o
e
c
o
s
y
s
t
e
m
i
n
w
h
i
c
h
t
h
e
b
a
c
t
e
r
i
a
l
i
v
e
.
M
i
n
u
t
e
v
a
r
i
a
t
i
o
n
s
i
n
n
u
t
r
i
e
n
t
l
o
a
d
—
i
n
g
s
m
a
y
p
r
e
f
e
r
e
n
t
i
a
l
l
y
s
t
i
m
u
l
a
t
e
s
p
e
c
i
f
i
c
b
a
c
t
e
r
i
a
l
b
i
o
t
y
p
e
s
a
n
d
c
o
u
l
d
u
l
t
i
-
m
a
t
e
l
y
l
e
a
d
t
o
t
h
e
i
r
p
r
e
d
o
m
i
n
a
n
c
e
.
T
h
u
s
,
h
e
t
e
r
o
t
r
o
p
h
i
c
a
n
d
a
u
t
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
d
e
n
s
i
t
i
e
s
a
n
d
b
i
o
t
y
p
e
d
i
s
t
r
i
b
u
t
i
o
n
p
l
a
y
a
v
e
r
y
i
m
p
o
r
t
a
n
t
r
o
l
e
i
n
m
o
n
i
t
o
r
i
n
g
n
u
t
r
i
e
n
t
l
o
a
d
i
n
g
e
f
f
e
c
t
s
.
i
n
p
i
n
—
p
o
i
n
t
i
n
g
a
r
e
a
s
o
f
p
o
t
e
n
t
i
a
l
d
e
g
r
a
d
a
t
i
o
n
,
a
n
d
i
n
i
n
d
i
c
a
t
i
n
g
a
r
e
a
s
w
h
i
c
h
a
r
e
r
e
t
u
r
n
i
n
g
t
o
a
n
o
l
i
g
o
t
r
o
p
h
i
c
s
t
a
t
e
.
S
t
u
d
i
e
s
(
f
o
r
e
x
a
m
p
l
e
(
4
)
)
c
o
n
f
i
r
m
t
h
a
t
t
h
e
d
e
n
s
i
t
y
o
f
b
a
c
t
e
r
i
a
i
n
w
a
t
e
r
i
s
d
i
r
e
c
t
l
y
r
e
l
a
t
e
d
t
o
n
u
t
r
i
e
n
t
s
u
p
p
l
y
a
n
d
t
h
a
t
w
a
t
e
r
b
o
d
i
e
s
c
a
n
b
e
c
a
t
e
g
o
r
i
z
e
d
b
y
b
a
c
t
e
r
i
a
l
b
i
o
m
a
s
s
p
r
o
d
u
c
t
i
c
n
.
N
o
r
m
a
l
l
y
,
h
i
g
h
d
e
n
s
i
t
i
e
s
o
f
t
h
e
s
e
b
a
c
t
e
r
i
a
i
n
d
i
c
a
t
e
t
h
e
p
r
e
s
e
n
c
e
o
f
l
a
r
g
e
a
m
o
u
n
t
s
o
f
o
r
g
a
n
i
c
w
a
s
t
e
s
s
u
c
h
a
s
f
r
o
m
d
o
m
e
s
t
i
c
a
n
d
i
n
d
u
s
t
r
i
a
l
d
i
s
—
charges.
S
A
M
P
L
E
C
O
L
L
E
C
T
I
O
N
A
N
D
A
N
A
L
Y
S
I
S
B
a
c
t
e
r
i
o
l
o
g
i
c
a
l
s
t
u
d
i
e
s
w
e
r
e
c
o
n
d
u
c
t
e
d
f
o
r
t
h
e
o
p
e
n
a
n
d
i
n
s
h
o
r
e
w
a
t
e
r
s
o
f
L
a
k
e
H
u
r
o
n
a
n
d
N
o
r
t
h
C
h
a
n
n
e
l
d
u
r
i
n
g
A
u
g
u
s
t
1
9
6
8
;
S
e
p
t
e
m
b
e
r
1
9
6
9
;
M
a
y
t
h
r
o
u
g
h
O
c
t
o
b
e
r
19
70
;
M
a
y
,
J
u
l
y
,
a
n
d
O
c
t
o
b
e
r
19
71
;
a
n
d
A
p
r
i
l
t
h
r
o
u
g
h
D
e
c
e
m
b
e
r
19
74
.
G
e
o
r
g
i
a
n
B
a
y
w
a
s
s
t
u
d
i
e
d
d
u
r
i
n
g
M
a
y
,
A
u
g
u
s
t
,
a
n
d
O
c
t
o
b
e
r
1
9
7
1
;
a
n
d
A
p
r
i
l
t
h
r
o
u
g
h
D
e
c
e
m
b
e
r
19
74
.
S
a
m
p
l
e
s
w
e
r
e
c
o
l
l
e
c
t
e
d
f
r
o
m
d
e
p
t
h
s
of
1
m,
10
m,
50
m,
a
n
d
2
m
f
r
o
m
th
e
bo
tt
om
.
A
d
d
i
t
i
o
n
a
l
l
y,
d
ur
i
n
g
th
e
19
74
su
rv
ey
s,
s
a
m
p
l
e
s
w
e
r
e
c
o
l
l
e
c
t
e
d
f
r
o
m
t
h
e
t
o
p
b
e
n
d
of
t
h
e
t
h
e
r
m
o
c
l
i
n
e
,
m
i
d
—
t
h
e
r
m
o
c
l
i
n
e
,
a
n
d
t
h
e
b
o
t
t
o
m
b
e
n
d
of
th
e
t
h
e
r
m
o
c
l
i
n
e
d
ur
i
n
g
s
t
r
a
t
i
f
i
c
a
t
i
o
n
.
I
n
s
h
o
r
e
wa
t
e
r
s
h
e
r
e
r
e
f
e
r
to
th
os
e
wi
th
in
5
km
of
th
e
sh
or
e.
 
M
e
t
h
o
d
s
of
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
a
n
a
l
ys
e
s
w
e
r
e
e
m
p
l
o
ye
d
as
d
e
s
c
r
i
b
e
d
b
y
D
ut
k
a
(1
).
To
ta
l
an
d
fe
ca
l
co
li
fo
rm
de
ns
it
ie
s
we
re
de
te
rm
in
ed
on
al
l
su
rv
ey
s.
Fe
ca
l
st
re
pt
oc
oc
cu
s
de
ns
it
ie
s
we
re
es
ti
ma
te
d
du
ri
ng
th
e
19
74
su
rv
ey
s.
He
te
ro
tr
op
hi
c
ba
ct
er
ia
l
po
pu
la
ti
on
s
we
re
es
ti
ma
te
d
us
in
g
th
e
20
°C
st
an
da
rd
pl
at
e
co
un
t
te
ch
—
ni
qu
e
in
19
68
an
d
19
71
,
an
d
th
e
20
°C
sp
re
ad
pl
at
e
te
ch
ni
qu
e
in
19
73
.
Me
mb
ra
ne
fi
lt
ra
ti
on
s
we
re
ma
de
fr
om
ap
pr
op
ri
at
e
di
lu
ti
on
s.
B
A
C
T
E
R
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O
L
O
G
I
C
A
L
C
H
A
R
A
C
T
E
R
I
S
T
I
C
S
LA
KE
HU
RO
N
IN
CL
UD
IN
G
NO
RT
H
CH
AN
NE
L
An
nu
al
an
d/
or
se
as
on
al
va
ri
at
io
n
in
de
ns
it
ie
s
of
to
ta
l
co
li
fo
rm
s
(M
P)
,
fe
ca
l
co
li
fo
rm
s
(M
F)
,
fe
ca
l
st
re
pt
oc
oc
ci
(M
T)
,
an
d
ae
ro
bi
c
he
te
ro
tr
op
hs
ar
e
pr
es
en
te
d
in
Ta
bl
es
5.
5—
1
th
ro
ug
h
5.
5-
4
an
d
in
Fi
gu
re
5.
5-
1
(v
al
ue
s
pr
es
en
te
d
are
at
95%
con
fid
enc
e
lev
els
at
95%
con
fid
enc
e
coe
ffi
cie
nt)
.
Fig
ure
s
5.5
—2
thr
oug
h
5.5
-4
sho
w
the
dis
tri
but
ion
pat
ter
ns
of
the
se
bac
ter
ial
pop
ula
tio
ns
in
the
lak
e.
Bec
aus
e
of
the
vir
tua
l
abs
enc
eof
fec
al
str
ept
oco
cci
,
no
dis
tri
but
ion
TOTAL COLIFORM (MF) DISTRIBUTION IN LAKE HURON (% <2d100n&)a
TABLE 5.5-1
   
 
  
 
  
YEAR
MONTH
1968
1969
1970
1971
1974
APRIL
Inshore Value <1 82
<100
99
Lakewide Value <1 86
<1OO 99
MAY
Inshore Value <1 41 28 85
<100 94 97 99
Lakewide Value <1 49 38 89
<lOO 97 100 99
JUNE
Inshore Value <1 65
<100 99
Lakewide Value <1 69
<100 99
JULY
Inshore Value <1 40 37
<100 100 99
Lakewide Value <1 43 38
<100 100 99
AUGUST
Inshore Value <1 21 33
<1OO 97 97
Lakewide Value <1 29 38
<1OO 99 99
SEPTEMBER
Inshore Value <1 13
<lOO 88
Lakewide Value <1 27
<100 92
OCTOBER
Inshore Value <1 0 93 42
<1oo 84 93 99
Lakewide Value <1 4 30 56
<1oo 87 95 99
DECEMBER
Inshore Value <1 32
<1O
O
96
Lakewide Value <1 50
<100 84
a. Values are at 95%
c
o
n
f
i
d
e
n
c
e
l
i
m
i
t
s
.
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TABLE 5.5-2
FE
CA
L
CO
LI
FO
RM
DI
ST
RI
BU
TI
ON
IN
LA
KE
HU
RO
N
(% < x/lOO m£)a
   
 
   
 
  
YEAR
MON
TH
196
8
196
9
197
0
197
1
197
4
APRIL
Inshore Value <1 97
<10
0
100
Lak
ewi
de
Val
ue
<1
97
<10
0
100
MAY
’
Ins
hor
e
Val
ue
<1
70
96
<1
00
10
0
10
0
Lak
ewi
de
Val
ue
<1
75
98
<10
0
100
100
JUNE
Ins
hor
e V
alu
e <
1
82
<1
00
96
La
ke
wi
de
Va
lu
e
<1
88
<1
00
'
97
JULY
Ins
hor
e V
alu
e
<1
68
88
<10
0
100
100
Lak
ewi
de
Val
ue
<1
67
9O
<10
0
98
100
AUGUST
Ins
hor
e
Val
ue
<1
73
80
<100 100 97
Lak
ewi
de
Val
ue
<1
71
82
<100 100 98
SEPTEMBER
Inshore Value <1 72
<100 97
Lakewide Value <1 85
<100 99
OCTOBER
Inshore Value <1 70 94
<100 96 100
Lakewide Value <1 70 96
<100 98 100
DECEMBER
Ins
hor
e V
alu
e <
1
91
<10
0
100
Lakewide Value <1 84 I
<100 100 E
i
I
a. Values are at 95% confidence limits. 1
i
]
 
 TABLE 5.5—3
FECAL
STREPTOCOCCI
(MF)
DISTRIBUTION
IN
LAKE
HURON
(% < x/lOO m£)a
 
 
 
  
YEAR
MONTH l9 7 4
APRIL
Inshore Value <1 91
<100 100
Lakewide Value <1 94
<100 100
MAY
Inshore Value <1 93
<100 100
Lakewide Value <1 94
<100 100
JUNE
Inshore Value <1 86
<100 99
Lakewide Value <1 87
<100 99
JULY
Inshore Value <1 56
<100 100
Lakewide Value <1 61
<100 100
AUGUST
Inshore Value <1 97 I“
<100 100 j;
Lakewide Value <1 93 I,
<100 100 f
OCTOBER 3
Inshore Value <1 81 g.
<100 100 :Y
Lakewide Value <1 87 :;
<100 100 }g
H‘
ix
DECEMBER N
Inshore Value <1 96 "E?
<100 100 %
La
ke
wi
de
Va
lu
e
<1
10
0
w
<100 100 ﬁ
   
a.
Va
lu
es
ar
e
at
95
%
co
nf
id
en
ce
li
mi
ts
503 I;
  
TABLE 5.5—4
AE
RO
BI
C
HE
TE
RO
TR
OP
H
DI
ST
RI
BU
TI
ON
IN
LA
KE
HU
RO
N
(% < x/m2)a
    
YE
AR
SP
C
20
MF
F&
T
20
°
F&
T
20
°
7
da
ys
MO
NT
H
19
68
19
69
19
70
19
71
19
70
19
71
19
74
APRIL
In
sh
or
e
Va
lu
e
<1
39
<1
OO
9O
La
ke
wi
de
Va
lu
e
<1
66
<1
OO
95
MAY
In
sh
or
e
Va
lu
e
<1
94
O
85
56
<1
00
10
0
85
69
9O
La
ke
wi
de
Va
lu
e
<1
93
3
46
69
<1
OO
10
0
97
82
90
JUNE
In
sh
or
e
Va
lu
e
<1
17
<l
OO
10
0
La
ke
wi
de
Va
lu
e
<1
31
<1
OO
97
JULY
In
sh
or
e
Va
lu
e
<1
97
82
43
<1
OO
10
0
91
10
0
La
ke
wi
de
Va
lu
e
<1
97
37
55
<l
OO
10
0
94
99
AUGUST
In
sh
or
e
Va
lu
e
<1
91
28
<1O
O
100
100
Lak
ewi
de
Val
ue
<1
94
31
<1
00
10
0
99
SEPTEMBER
Inshore Value <1 97
<100 100
Lakewide Value <1 99
<1OO 100
OCTOBER
In
sh
or
e
Va
lu
e
<1
93
37
93
35
<1O
O
100
90
100
99
La
ke
wi
de
Va
lu
e
<1
97
62
97
46
<1O
O
100
91
100
99
DECEMBER
In
sh
or
e
Va
lu
e
<1
32
<1
00
95
La
ke
wi
de
Va
lu
e
<1
50
<1O
O
96
 
a. Values are at 95% confidence limits.
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was plotted for these organisms. It is evident from the data that densities of
health—oriented bacteria at all stations monitored in Lake Huron during all
years come within the limits of the present Agreement objectives (1,000/100 m£
for total coliforms and 200/100 mQ for fecal coliforms); see Appendix C for
jurisdictional criteria and standards.
TOTAL COLIFORMS
Average total coliform densities (Figure 5.5—2) were <10/100 ml in the
majority of open lake waters. Over 90% of the nearshore water samples analyzed
showed counts <100/100 m2. Elevated counts were encountered in cert.in near—
shore areas including Saginaw Bay, Thunder Bay, and in the proximity of Kincardine,
Goderich, and Harrisville.
Extensive data from 1974 establish seasonal fluctuations in the water body
(Figure 5.5-1). In the inshore area, total coliform counts were at a minimum
during April—May, rose to peak values during July—August, dropped slightly in
October, then rose again during November—December (Figure 5.5—1). Similar
trends were observed on a lake—wide basis.
FECAL COLIFORMS
Feca
l c
olif
orm
coun
ts
from
the
offs
hore
stat
ions
were
gene
rall
y <1
/100
m2
and
appr
oxim
atel
y 70
% of
the
insh
ore
stat
ions
were
free
of d
etec
tabl
e fe
cal
cont
amin
atio
n (
Figu
re 5
.5—3
).
Cert
ain
near
shor
e ar
eas
exhi
bite
d e
leva
ted
bac
ter
ial
den
sit
ies
; p
ote
nti
al
pro
ble
m a
rea
s i
ncl
ude
Sag
ina
w B
ay,
Thu
nde
r B
ay,
Rog
ers
Cit
y,
Kin
car
din
e,
and
God
eri
ch.
On
a s
eas
ona
l b
asi
s,
the
1974
dat
a s
how
tha
t n
ear
sho
re
flu
ctu
ati
ons
wer
e s
imi
lar
to
tho
se
see
n o
n a
lak
ewi
de
bas
is,
sho
win
g p
eak
s i
n J
une
and
Aug
ust
and
lows
in
Apr
il
and
May
(Fi
gur
e 5
.5—
1).
FECAL STREPTOCOCCI
Fec
al
str
ept
oco
cci
den
sit
ies
wer
e d
ete
rmi
ned
dur
ing
the
197
4
sur
vey
s.
The
maj
ori
ty
of
wat
er
sam
ple
s
ana
lyz
ed
sho
wed
den
sit
ies
<l/
100
m2.
Fec
al
str
ept
oco
cci
den
sit
ies
flu
ctu
ate
d
thr
oug
hou
t
the
yea
r w
ith
max
imu
m
den
sit
ies
in
Jul
y
and
min
imu
m d
ens
iti
es
in
Aug
ust
and
Dec
emb
er
(Fi
gur
e 5
.5-
1).
AEROBIC HETEROTROPHS
Se
ve
ra
l
ne
ar
sh
or
e
ar
ea
s
in
La
ke
Hu
ro
n
ex
hi
bi
te
d
hi
gh
ae
ro
bi
c
he
te
ro
tr
op
h
cou
nts
.
The
se
inc
lud
e
Sag
ina
w B
ay,
Thu
nde
r
Bay
,
Rog
ers
Cit
y,
and
the
wes
ter
n
si
de
of
th
e
Br
uc
e
Pe
ni
ns
ul
a
(F
ig
ur
e
5.5
—4)
.
On
a
se
as
on
al
ba
si
s,
co
un
ts
we
re
fo
und
to
fl
uc
tu
at
e
th
ro
ug
ho
ut
th
e
sa
mp
li
ng
se
as
on
wi
th
ma
xi
mu
m
de
ns
it
ie
s
oc
cu
r-
ring in June (Figure 5.5—1).
GEORGIAN BAY
Ba
ct
er
io
lo
gi
ca
l
da
ta
fo
r
cr
ui
se
s
du
ri
ng
19
71
an
d
19
74
ar
e
su
mm
ar
iz
ed
in
Tab
les
5.5
—5
thr
oug
h 5
.5—
8 a
nd
Fig
ure
s 5
.5—
5 a
nd
5.5
—6.
Val
ues
ind
ica
ted
in
the
tab
les
are
at
95%
con
fid
enc
e
lim
it
at
95%
con
fid
enc
e
coe
ffi
cie
nt.
The
   
Immv
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5
TO
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LI
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RM
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ST
RI
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IN
GE
OR
GI
AN
BA
Y
(% < x/lOO mma
  
MOWEAR 1971 1974
APRIL
Ins
hor
e V
alu
e
<1
78
<100 100
Baywide Value <1 80
<100 100
MAY
Inshore Value <1 50 69
<100 100 89
Baywide Value <1 58 82
<100 100 95
JUNE
Inshore Value <1 61
<100 93
Baywide Value <1 68
<100 98
JULY
Inshore Value <1 48
<100 98
Baywide Value <1 39
<100 99
AUGUST
Inshore Value <1 43
<100 100
Baywide Value<1 40
<100 100
SEPTEMBER
Inshore Value <1 6
<100 97
Baywide Value <1 7
<100 98
OCTOBER
.Inshore Value <1 14 27
<100 71 100
Baywide Value <1 6 22
<100 72 98
DECEMBER
Inshore Value <1 22
<100 93
Baywide Value <1 22
<100 77
 
 
 
a. Values are at 95% confidence limits.
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TABLE 5.5-6
FECAL COLIFORM (MF) DISTRIBUTION IN GEORGIAN BAY
(% < X/lOO mma
  
YEAR
MO
NT
H
19
71
19
74
APRIL
Inshore Value <1 95
<1OO 100
Baywide Value <1 95
<lOO lOO
MAY
Inshore Value <1 67 88
<1OO 100 100
Baywide Value <1 75 93
<1OO 100 100
JUNE
Inshore Value <1 76
<l
OO
96
Baywide Value <1 81
<100 98
JULY
Inshore Value <1 89
<lOO 98
Ba
yw
id
e
Va
lu
e
<1
95
<1OO 99
AUGUST
Inshore Value <1 50
<lOO 100
Baywide Value <1
<lOO
SEPTEMBER
In
sh
or
e
Va
lu
e
<1
82
<l
OO
10
0
Ba
yw
id
e
Va
lu
e
<1
87
<1
OO
99
OCTOBER
I
n
s
h
o
r
e
V
a
l
u
e
<1
57
86
<
1
O
O
1
0
0
1
0
0
Ba
yw
id
e
Va
lu
e
<1
69
94
<
1
O
O
1
0
0
1
0
0
DECEMBER
I
n
s
h
o
r
e
V
a
l
u
e
<
1
8
6
<
1
O
O
l
O
O
Ba
uw
id
e
Va
lu
e
<1
93
<
1
O
O
1
0
0
  
a.
V
a
l
u
e
s
a
r
e
a
t
9
5
%
c
o
n
f
i
d
e
n
c
e
l
i
m
i
t
s
.
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TABLE 5.5-7
FE
CA
L
ST
RE
PT
OC
OC
CI
(MF
)
DI
ST
RI
BU
TI
ON
IN
GE
OR
GI
AN
BA
Y
(% < x/lOO m2)a
 
YEAR 1974
MONTH
APRIL
In
sh
or
e
Va
lu
e
<1
96
<lOO 100
Baywide Value <1 96
<1OO lOO
MAY
In
sh
or
e
Va
lu
e
<1
97
<lOO 100
Baywide Value <1 92
<lOO 100
JUNE
Inshore Value <1 83
<lOO 100
Baywide Value <1 85
<lOO 100
JULY
Inshore Value <1 83
<1OO 100
Baywide Value <1 78
<lOO lOO
SEPTEMBER
Inshore Value <1 90
<1OO 100
Baywide Value <1 93
<lOO 100
OCTOBER
Inshore Value <1 91
<lOO 100
Baywide Value <1 94
<lOO lOO
DECEMBER
Inshore Value <1 86
<lOO lOO
Baywide Value <1 95
(100 100
  
 
a. Values are at 95% confidence limits.
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TABLE 5.5-8
A
E
R
O
B
I
C
H
E
T
E
R
O
T
R
O
P
H
D
I
S
T
R
I
B
U
T
I
O
N
IN
GEORGIAN
BAY
(% < X/mSL)a
  
MONTH YEAR MF F&T 20° SPC
1971 1974 1971
APRIL
Inshore Value <1 50
<100 77
Baywide Value <1 62 100
<100 92 100
MAY
Inshore Value <1 67 94
<100 100 100
Baywide Value <1 64 97
<lOO 100 100
JUNE
Inshore Value <1 32
<100 81
Baywide Value <1 44
<100 93
JULY
Inshore Value <1 49
<100 98
Baywide Value <1 32
<100 99
AUGUST
Inshore Value <1 28 86
<100 86 100
Baywide Value <1 24 94
<100 95 100
SEPTEMBER
Inshore Value <1 10
<100 lOO
Baywide Value <1 8
<100 100
OCTOBER
Inshore Value <1 100 54 100
<100 100 91 100
Baywide Value <1 100 50 100
<100 100 97 100
NOVEMBER
Inshore Value <1 30
<100 lOO
Baywide Value <1 30
<100 lOO
DECEMBER
Inshore Value <1 72
<100 lOO
Baywide Value <1
<100
  
 
a.
Va
lu
es
ar
e
at
95%
co
nf
id
en
ce
lim
its
.
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 densities of total coliforms and fecal coliforms are well below the present
Agreement objectives. During 1971 and 1974, the average total coliform density
was <50/100 mQ and fecal coliforms and fecal streptococci (only analyzed in
1974) were <1/100 mQ (Figures 5.5—5 and 5.5—6).
TOTAL COLIFORMS
Maximum total coliform counts were recorded during September—December in
both nearshore and open water samples. Counts were lowest in April—May
(Figure 5.5—5).
FECAL COLIFORMS
The majority of open water stations monitored had no detectable fecal
contamination in either 1971 or 1974. In the nearshore areas, maximum fecal
coliform densities occurred in August 1971 and June 1974 (Figure 5.5—5). Data
also indicate a greater number of stations showing fecal contamination in 1971
than in 1974 (50-67% vs. 76-95% counts <1/100 mR).
FECAL STREPTOCOCCI
Fecal streptococci densities were fairly stable during the 1974 sampling
period, with 90% or more of the water samples having counts <1/100 m2. Samples
indicating the presence of these organisms were obtained in the vicinity of
Owen
Soun
d, M
idla
nd,
Coll
ingw
ood,
and
Parr
y So
und.
Coun
ts f
luct
uate
d r
ando
mly,
with
the
maxi
mum
popu
lati
ons
occu
rrin
g in
the
June
—Jul
y p
erio
d (
Figu
re
5.5—
5).
AEROBIC HETEROTROPHS
Com
par
iso
n o
f
197
1 a
nd
197
4 d
ata
is
not
att
emp
ted
her
e d
ue
to
var
iat
ion
s
in
the
tec
hni
que
s e
mpl
oye
d d
uri
ng
the
se
year
s.
On
a s
eas
ona
l b
asi
s,
max
imu
m
lake
wide
dens
itie
s we
re o
btai
ned
duri
ng A
ugus
t—Se
ptem
ber
in b
oth
lake
wide
and
nea
rsh
ore
are
as,
and
dro
ppe
d i
n O
cto
ber
to
den
sit
ies
sim
ila
r t
o A
pri
l v
alu
es
(Fi
gur
e 5
.5—
5).
Aer
obi
c h
ete
rot
rop
hs
in
the
ope
n w
ate
rs
rem
ain
ed
<10
0/m
£
(Figure 5.5—6).
SOURCES OF BACTERIAL INPUTS
LAKE HURON INCLUDING NORTH CHANNEL
Th
e
wa
te
rs
of
th
e
ma
in
la
ke
ar
e
pr
ac
ti
ca
ll
y
fr
ee
of
fe
ca
l
co
nt
am
in
at
io
n
as
det
erm
ine
d b
y
the
exi
sti
ng
fec
al
ind
ica
tor
org
ani
sms
.
Gen
era
lly
,
nea
rsh
ore
fec
al
con
tam
ina
tio
n
was
rar
ely
gre
ate
r
tha
n
tha
t o
f
the
mai
n
lak
e w
ate
rs.
Sp
ec
if
ic
ne
ar
sh
or
e
ar
ea
s
ex
hi
bi
ti
ng
re
la
ti
ve
ly
hi
gh
er
ba
ct
er
ia
l
de
ns
it
ie
s
in
cl
ud
e
Sa
gi
na
w
Ba
y
(fe
d
by
th
e
Sa
gi
na
w
Ri
ve
r
fl
ow
in
g
th
rO
ug
h
Ba
y
Ci
ty
),
Th
un
de
r
Ba
y,
Ro
ge
rs
Ci
ty
,
Ca
lc
it
e,
an
d
th
e
No
rt
h
Ch
an
ne
l
(r
ec
ei
vi
ng
in
pu
t
fr
om
th
e
St
.
Ma
ry
s,
Bl
in
d,
an
d
Sp
an
is
h
Ri
ve
rs
).
Th
es
e
el
ev
at
ed
ba
ct
er
ia
l
de
ns
it
ie
s
ar
e
fo
un
d
to
be
sp
ec
if
ic
al
ly
as
so
ci
at
ed
wi
th
in
du
st
ri
al
an
d
do
me
st
ic
wa
te
r
di
sc
ha
rg
e
ar
ea
s
(5)
.
De
ta
il
s
of
ne
ar
sh
or
e
ba
ct
er
io
lo
gi
ca
l
wa
te
r
qu
al
it
y
ar
e
di
sc
us
se
d
in
Chapter 4.
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 FIGURE 5.5-6 DISTRIBUTION OF BACTERIA IN
GEORGIAN BAY, 1971,1974
 
MAY, AUGUST AND OCTOBER 1971 APRIL TO DECEMBER 1974
COLIFORMS (MF) * /100 mi
   
  
   
AVERAGE VALUES OF ALL DEPTHS
F—I—I—H—HI
0102030‘050
w
w
w
.
m
—
A
g
u
h
v
A
 
§ ‘ 5?
4 ~
A); -
3" g
516
I. E
_‘
 
1
.
9
m
“
~
 GEORGIAN BAY
Data indicate that in the main body of Georgian Bay, fecal coliforms and
fecal streptococci densities are less than those found in Lake Huron. Nearshore
areas had higher bacterial densities than the main body. Total coliforms rose
above 30/100 mQ near the southeastern coastal areas receiving outflow from the
Severn River.
Aerobic heterotrophs in the majority of stations monitored were also low
compared to Lake Huron. Counts in excess of 300/mQ were found only in the
southeastern part of Georgian Bay, specifically in the Owen Sound, Meaford, and
Collingwood areas. Similar elevated bacterial counts in these nearshore areas
in Lake Huron and Georgian Bay were observed during the 1973-1974 surveys by
the Ontario Ministry of the Environment (6). These elevated bacterial levels
are attributed to point source pollution from municipal and industrial discharges
(5). Details of nearshore bacteriological water quality are discussed in
Chapter 4.
CONCLUSIONS
Data
indi
cate
that
the
pres
ent
bact
erio
logi
cal
wate
r qu
alit
y of
Lake
Huro
n,
the
Nort
h Ch
anne
l,
and
Geor
gian
Bay
appe
ars
to b
e go
od,
and
easi
ly m
eets
all
exi
sti
ng
bac
ter
iol
ogi
cal
sta
nda
rds
.
The
ope
n w
ate
rs
are
pra
cti
cal
ly
fre
e
from
det
ect
abl
e f
eca
l c
ont
ami
nat
ion
.
Was
te
mat
eri
al
dis
cha
rge
s t
o t
he
coa
sta
l
area
s se
em t
o ha
ve n
o ap
pare
nt
effe
ct o
n th
e ma
in w
ater
bodi
es.
Seve
ral
coa
sta
l a
rea
s h
ad
rel
ati
vel
y h
igh
er
den
sit
ies
of
het
ero
tro
phi
c b
act
eri
al
pop
u—
lat
ion
s,
e.g.
Sag
ina
w B
ay,
are
as
nea
r P
ort
Hope
, M
ich
iga
n i
n L
ake
Hur
on,
and
some
eas
ter
n a
rea
s i
n G
eor
gia
n B
ay,
e.g.
Was
aga
Bea
ch,
Mid
lan
d,
Pen
eta
ngu
ish
ene
,
and
Owe
n S
oun
d.
The
se
are
as
sho
uld
be
stu
die
d i
n g
rea
ter
det
ail
in
ord
er
to
cle
arl
y d
efi
ne
the
ext
ent
of
loc
al
dis
cha
rge
eff
ect
s o
n t
he
mai
n b
ody.
Fro
m
the
col
lec
ted
dat
a,
the
re
is
no
evi
den
ce
of
tra
nsb
oun
dar
y m
ove
men
t o
f b
act
eri
al
populations.
517
:
5
;
.
a
-
E
'
w
‘
x
s
g
r
z
w
w
i
m
g
e
-
r
“
¥
  
 
 "Hill:
[illNIAMINANIS
IN
IIHSHIIHI
“3"
INTRODUCTION
HISTORICAL PERSPECTIVE
Historically, Lake Huron was characterized by native fish communities
typical of recently glaciated oligotrophic lakes (1, 2). Such communities are
dominated by the salmonids: the trouts, chars, whitefishes, chubs, and lake
herring, species which were highly prized for the table, their sporting quali-
ties, or both. The slightly warmerand shallower inshore waters, especially
in the bays and among the islands, typically supported populations of sturgeon,
walleye, perch, northern pike, and several species of suckers. Lesser species,
dace and minnows, darters and sculpins, and others occupied a variety of niches
throughout the lake.
The original fish stocks have been very substantially depleted (l, 3).
Annual commercial catches from Lake Huron have fallen to about one fifth of
thei
r pe
ak
(Fig
ure
5.6—
1).
More
over
, t
he h
ighe
st v
alue
d sp
ecie
s ha
ve
clea
rly
suff
ered
most
so t
hat
the
econ
omic
loss
has
been
even
grea
ter
than
the
catc
h
statistics imply.
Long
cont
inue
d,
inte
nse
expl
oita
tion
by m
an,
coup
led
with
the
dest
abil
iz—
ing
inf
lue
nce
of
str
ong
com
pet
iti
on
and
pre
dat
ion
by
suc
h e
xot
ic
spe
cie
s a
s
the
ale
wif
e,
rai
nbo
w s
mel
t,
and
sea
lam
pre
y p
lay
ed
a m
ajo
r r
ole
in
dep
let
ing
the
sto
cks
.
The
Gre
at
Lak
es
Fis
her
y C
omm
iss
ion
has
coo
rdi
nat
ed
eff
ort
s b
y t
he
resp
onsi
ble
mana
geme
nt
auth
orit
ies
to r
ehab
ilit
ate
the
fish
comm
unit
ies.
Pro
gra
ms
to
con
tro
l s
ea
lam
pre
y h
ave
bee
n l
arg
ely
suc
ces
sfu
l.
Hea
vy
sto
cki
ng
of h
atch
ery
rear
ed f
ish,
not
only
of t
he i
ndig
enou
s la
ke,
broo
k,
and
rain
bow
tro
ut
but
als
o o
f s
uch
exo
tic
s a
s t
he
Pac
ifi
c a
nd
Atl
ant
ic
sal
mon
s,
bro
wn
tro
ut,
and
spl
ake
hav
e c
rea
ted
maj
or
syn
the
tic
pop
ula
tio
ns
of
sal
mon
ids
whi
ch
pre
y
fre
ely
on
ale
wif
e
and
sme
lt
as
wel
l
as
on
the
ind
ige
nou
s
for
age
spe
cie
s.
Sta
ble
sel
f-r
epr
odu
cin
g c
omm
uni
tie
s c
omp
ara
ble
to
tho
se
nat
ive
to
the
lak
es
hav
e,
how
eve
r,
not
yet
res
ult
ed
and
the
gen
era
l f
ail
ure
of
hat
che
ry
sto
ck
to
reproduce well in the lake is not understood.
Wh
et
he
r
de
te
ri
or
at
in
g
wa
te
r
qu
al
it
y
ha
s
co
nt
ri
bu
te
d
si
gn
if
ic
an
tl
y
to
the
se
pro
ble
ms
is
unk
nOW
n.
Gen
era
lly
,
fis
her
ies
wor
ker
s
hav
e
con
sid
ere
d
nu
tr
ie
nt
en
ri
ch
me
nt
as
pr
es
en
ti
ng
on
ly
a
fe
w
lo
ca
l
pr
ob
le
ms
of
mi
no
r
co
nc
er
n.
of
th
e
co
nt
am
in
an
ts
pr
es
en
t
in
wa
te
r,
th
os
e
of
kn
ow
n
to
xi
c
po
te
nt
ia
l
th
at
ar
e
co
mm
on
ly
fo
un
d
in
fi
sh
do
mi
na
te
th
e
in
te
re
st
an
d
co
nc
er
n
of
re
se
ar
ch
er
s
an
d
ma
na
ge
rs
.
Be
ca
us
e
of
th
ei
r
po
si
ti
on
in
th
e
aq
ua
ti
c
fo
od
ch
ai
n,
fi
sh
co
mm
on
ly
in
te
gr
at
e
an
d
ma
gn
if
y
ch
an
ge
s
in
du
ce
d
by
co
nt
in
ue
d
co
nt
am
in
at
io
n.
Th
e
ef
fe
ct
s
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Pro
duc
tio
n h
as
bee
n a
ver
age
d o
ver
fiv
e—y
ear
per
iod
s e
xce
pt
for
187
9—1
909
,
1910
—191
9,
1920
—192
9,
and
1970
—74.
Data
from
Refe
renc
e (2
0).
FI
GU
RE
5.
6-
1
“
I
'
m
I
 of
deteriorating
water
quality
may be
reflected
by
changes
in
the
quality
and
quantity
of
fish
stocks
present
and
by
the
presence
in
the
fish
of contamina—
ting materials of potential harm to fish or fish consumers.
Because fish
frequently accumulate contaminants
to levels several thousand times higher
than those present in water, the determination of current levels of contamin—
ants in fish offers an analytically feasible, practical, and highly sensitive
means of assaying present conditions as well as providing a baseline against
which future changes can be gauged.
COMPARISON OF NEARSHORE AND OFFSHORE PROGRAMS
Information on the levels of contaminants in nearshore fish from Lake
Huron is presented in Chapter 4 and refers generally to the edible portions
of important species of fish obtained in bays or near the mouths of tribu—
taries. That program was intended to yield information on a variety of
species which could be used to evaluate the potential health hazard associa-
ted with consumption of these fish and, by comparison of results for fish
taken near several tributaries and bays, to indicate the major source areas
of the contaminants.
The offshore sampling program whose results are reported below was
designed to yield rather precise information about contaminant concentrations
in whole—fish samples of a small number of representative main—lake species.
These data were intended not only to allow evaluation of the present threat
to fish populations but to provide a statistically valid baseline against
which future trendsin contaminant burdens could be measured. Adequate data
on the trends of contaminants in Great Lakes fishes is perhaps the most
meaningful indicator of the effectiveness of past regulatory actions in
reducing contamination in the lakes and of the need for additional restrictions “x
to prevent excessive contamination by new pesticides or industrial wastes.
REVIEW OF PAST DATA AND RECOGNIZED PROBLEMS
Despite growing concern over the potential impact of contaminants in
fish during the past decade, relatively little systematic and consistent work
has
been
done
on t
he p
robl
em i
n La
ke H
uron
.
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repr
esen
ting
a
limi
ted
numb
er o
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a p
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f c
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h c
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Of
th
e
pr
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wo
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do
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in
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on
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th
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in
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.
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d
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R
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TABLE 5.6—1
LOCATIONS OF OFFSHORE FISH SAMPLING STATIONS
IN LAKE HURON
 
NORTH VIC ST
STATION NAME STATION CODE LATITUDE JUNUI’I‘UDE
Duck Island DI 45° 45' 5120 37'
Lonely Island LI 45° 31' 9qu 25'
Goderich G 43° 45' SI 0 55‘
Harb
or B
each
HB
43°
54'
83°
'51'
Alpe
na
A
44°
50'
813°
10'
Stra
its
of M
acki
nac
MS
45°
52'
84°
27'
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 L
A
B
O
R
A
T
O
R
Y
P
R
O
C
E
D
U
R
E
A
N
D
M
E
T
H
O
D
S
O
n
r
e
c
e
i
p
t
a
t
t
h
e
F
r
e
s
h
w
a
t
e
r
I
n
s
t
i
t
u
t
e
,
s
a
m
p
l
e
s
w
e
r
e
s
e
p
a
r
a
t
e
d
,
i
d
e
n
t
i
f
i
e
d
,
weighed, and measured.
I
n
d
i
v
i
d
u
a
l
w
e
i
g
h
t
s
a
n
d
l
e
n
g
t
h
s
w
e
r
e
r
e
c
o
r
d
e
d
f
m
e
a
n
s
o
n
l
y
w
e
r
e
o
b
t
a
i
n
e
d
f
o
r
s
o
m
e
s
a
m
p
l
e
s
o
f
v
e
r
were
grouped,
preferably
by
fives,
or
m
o
s
t
s
p
e
c
i
m
e
n
s
,
b
ut
y
small
slimy
sculpins.
Fish
t
o
m
a
k
e
1
0
c
o
m
p
o
s
i
t
e
s
a
m
p
l
e
s
f
o
r
a
n
a
l
y
s
i
s
,
s
i
z
e
a
n
d
s
e
x
b
e
i
n
g
d
i
s
r
e
g
a
r
d
e
d
.
M
o
s
t
o
f
t
h
e
C
a
n
a
d
i
a
n
s
a
m
p
l
e
s
h
a
d
a
l
r
e
a
d
y
b
e
e
n
g
r
o
u
p
e
d
.
T
a
b
l
e
5
.
6
-
3
s
h
o
w
s
,
b
y
l
o
c
a
t
i
o
n
a
n
d
s
p
e
c
i
e
s
,
t
h
e
n
u
m
b
e
r
o
f
c
o
m
p
o
s
i
t
e
s
a
m
p
l
e
s
p
r
e
p
a
r
e
d
f
r
o
m
t
h
e
m
a
n
d
t
h
e
g
r
o
u
p
i
n
g
e
m
p
l
o
y
e
d
.
L
a
r
g
e
f
i
s
h
w
e
r
e
c
u
t
u
p
w
i
t
h
a
b
a
n
d
s
a
w
so
a
s
t
h
e
n
h
o
m
o
g
e
n
i
z
e
d
b
y
at
l
e
a
s
t
f
o
u
r
p
a
s
s
e
s
t
h
r
o
u
g
h
a
H
o
b
a
r
t
g
r
i
n
d
e
r
,
b
y
w
h
i
c
h
time
the
t
i
s
s
ue
had
p
a
r
t
l
y
thawed.
The
resultant
m
us
h
wa
s
put
into
three
s
e
p
a
r
a
t
e
c
o
n
t
a
i
n
e
r
s
,
refrozen,
and
kept
at
—20°C
until
analyzed.
sculpin
samples
were
homogenized
in
a
blender
b
Benville and Tindle (15).
to
go
into
the
machine,
and
The slimy
y
the
dry—ice
procedure
of
The
analytical
methods
employed
to
determine
concentrations
of
various
contaminants
have
been
reported
in
detail
(16).
Metals
were
determined,
after
appropriate
sample
preparation,
by
atomic
absorption
spectroscopy
(AAS)
in
an
air-acetylene
flame
except
for
mercury
and
arsenic
for
which
flameless
AAS
was
employed.
Organics
were
extracted,
eluted,
and
determined
by
chromatographic methods.
As
a
test
of
the
precision
of
these
methods
all
analyses
were
performed
repeatedly
on
a
sample
of
fish
tissue;
the
exception
was
arsenic
analyses
which
were
performed
on
U.S.
National
Bureau
of
Standards
(NBS)
orchard
leaves.
The
fish
sample
was
analyzed
4
times
for
each
of
the
pesticides
and
PCB's
and
10
times
for
each
of
the
metals
except
mercury
which
was
analyzed
20
times
(Table
5.6—4).
The
sample
of
NBS
orchard
leaves
was analyzed
for
arsenic
in
two
series,
the
first
24
times
and
the
second
9
times.
Well
over
half
of
the
different
analyses
showed
excellent
coefficients
of
variation
(relative
standard
deviation)
of
<lOZ.
The
remainder
were
<20Z
except
for
the
analysis
of
dieldrin,
lindane,
chlordane,
and
cadmium
which
had
coefficients
of
varia-
tion
ranging
from
28
to
40%.
Thus,
the
results
of
routine
analyses
for
these
contaminants
(dieldrin,
lindane,
chlordane,
and
cadmium)
are
suspect
because
of
relatively
high
variation.
For
determinations
of
radioactive
contaminants,
N5
g
of
ash
was
required
for
counting
which
was
performed
by
Atomic
Energy
of
Canada
Ltd.
at
Pinawa,
Manitoba,
using
a
Beckman Wide
Beta
planchet
counting
system
(gas
flow)
with
a method
based
on low—environment
work.
The
count
was
for
either
lOOO
counts
or 1000 minutes.
Spark source mass spectrometry analyses were performed on two composite
samples (bloater chub and burbot from Goderich) by the United States Environ—
mental Protection Agency (EPA) Environmental Research Laboratory, Athens,
Georgia. All samples were run in duplicate and the results show little or
no difference among the various fish. Results for Zr, Cu, Ni, and A1 are not
reported due to comparable values found in the formic acid blank.
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5.6
-2
NU
MB
ER
S,
ME
AN
LE
NG
TH
AN
D
ME
AN
WE
IG
HT
OF
FI
SH
OB
TA
IN
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R
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NT
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AN
T
AN
AL
YS
ES
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LA
KE
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CH
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.
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NG
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,
WE
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,
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N0
.
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NG
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IG
HT
,
g
NO
.
LE
NG
TH
,
WE
IG
HT
,
g
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mm
mm
5
2
6
Du
ck
Is
la
nd
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Qualitative scans for nonionic organic contaminants were pertormed on two
composite samples of Lake Huron burbot (Straits of Mackinac and Goderich) by
the U.S. EPA Environmental Research Laboratory, Duluth, Minnesota. Details of
the analyses and resulting spectra are available in a separate report (17).
RESULTS
Average concentrations of those trace metals and organics for which full
quantitative analysis were performed are given in Tables 5.6—5 — 5.6—7. The
values presented are arithmetic means of the concentrations found in the 10
composite samples of whole fish of each species at each sampling station. The
lake averages presented in the last column of each table are simple unweighted
averages for all stations for each contaminant. Because not all stations were
sampled for each contaminant, these averages are not all equally representa—
tive of lake—wide conditions.
Assuming that the concentration of contaminants in edible portions of
fish are generally equal to or lower than those in whole fish (18), no recog-
nizable risks to human health were identified in the open water fish when
compared to current U.S. and Canadian food guidelines (see Appendix C).
However, no large lake trout or a substitute species of similar bioaccumulation
characteristics were present in the offshore collections. The use of burbot as
an alternate top—predator species in this study was a failure. Contaminant
levels in burbot (Table 5.6-7) were generally lower than in bloater chubs
(Table 5.6—6) andmost certainly do not represent the levels that could be
expected in lake trout or salmon. Future surveillance programs should attempt
to incorporate lake trout in their sampling program as it is assumed that
adequate numbers of large lake trout will be available in future years.
PCB'S
Application of the proposed Agreement objectives for metallic and organic
contaminants, summarized in Appendix C, shows that some contaminants in whole
fish of Lake Huron currently exceed these values. Foremost among those
contaminants are the PCB'S. The proposed Agreement objective for PCB's in
whole fish is 0.1 ug/g. Every sample of whole fish collected from Lake Huron
exceeded this value with average concentrations ranging from a low of 0.52
ug/g in slimy sculpin from Duck Island to a high of 2.61 ug/g in bloater
chubs from Alpena. In general, PCB concentrations appeared highest in fish
from the northwestern portion of the lake, suggesting a possible relationship
with the current high level of PCB contamination in Lake Michigan (10). The
lake—wide averages for total PCB's were 0.67 Ug/g in slimy sculpins, 1.58
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in b
loat
er c
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TABLE 5.6-6
(UG/G) AND FAT
(%)
IN BLOATER CHUBS
(WHOLE FISH)
FROM THE OPEN WATERS OF LAKE HURONa’b
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS
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in burbot. Thus, two of the three species tested averaged in excess of the
proposed Agreement objective. AS with PCB's, a general pattern of higher
concentrations of DDT in fish from the northwestern portion of the lake is
evident and suggests a possible relationship with the past contamination of
Lake Michigan by DDT (4,10).
MERCURY
The proposed Agreement objective for mercury in whole fish is 0.5 Ug/g.
All fish tested from the open waters of Lake Huron were within the mercury
objective. Average concentrations ranged from 0.05 ug/g in bloater chubs from
Duck Island to 0.18 ug/g in burbot from the Straits of Mackinac. Few regional
differences in the level of contamination were apparent in the fish sampled
as part of this study of the main lake. Lake—wide averages for mercury were
0.08 ug/g in slimy sculpins, 0.10 Ug/g in bloater chubs, and 0.12 ug/g in
burbot. Previous reports (6—13) have demonstrated common nearshore problems
with mercury in fish, particularly walleyes (Stizostedion vitreum) from the
southern portion of the lake.
DIELDRIN; CHLORDANE; AND ARSENIC
Of the remaining contaminants that were routinely analyzed in a quantita—
tive manner, three deserve particular discussion. These are dieldrin, chlor—
dane, and arsenic. Relatively high levels of dieldrin were found in bloater
chubs from the various locations, with concentrations ranging from 0.08 ug/g
at Lonely Island to 0.38 Ug/g at Goderich. The U.S. Food and Drug Administration
guideline for dieldrin in edible portions of fish is 0.3 ug/g. Although the
whole—fish data presented here can therefore not be interpreted as representing
a risk to human health, they do suggest that dieldrin levels in chubs and
other important food or recreational fish such as lake trout and salmon
should be followed closely. The recent phase-out of dieldrin manufacture and
use (1974—75) should bring about a reduction in levels of this pesticide in
the near future.
Residues of chlordane were present at concentrations ranging from 0.14
Ug/g in burbot at Goderich to 0.49 ug/g in bloater chubs, also at Goderich.
The use of chlordane is now suspended in the United States and is permitted
for only limited agricultural use in Canada. It is not known if these ele—
vated levels found in Lake Huron fish represent a past problem or are of cur—
rent concern and related to continuing sources to the lake. Future trends
of this pesticide should be followed closely in planned surveillance programs.
Arsenic was found to be present in offshore fish at concentrations ranging
from 0.23 ug/g in burbot off Goderich to 2.26 ug/g in bloater chubs from the
Straits of Mackinac. The Canada health protection guideline is 5 ug/g. Since
arsenic was not among those contaminants that were analyzedat every station,
it is impossible to make valid interpretations of regional differences and
pos
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predominantly plankton feeders.
Future surveillance programs should look
closely at the trends of arsenic levels with time in species such as bloater
chubs and attempt to identify the sources of this contaminant to the lake.
OTHER INORGANIC CONSTITUENTS
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Table 5.6—8
gives the results of spark source mass spectrometric (SSMS)
!
analyses for trace elements in whole—fish samples of burbot and bloater chubs
I
from off Goderich.
As anticipated, a substantial list of trace metals, rare
i
earths, and other elements were identified.
Many of these elements are essen—
‘
j
tial for the normal physiological processes in fish.
However, little is known
i
I
about the need for, and normal background levels of, several of the more
1
exotic materials present.
Even less is known about the pathways by which these
materials reach fish and the effects, direct or indirect, beneficial or adverse,
they may have upon fish stocks.
It should also be noted that the accuracy of
SSMS analysis on such a wide range of elements in fish tissue has not been
proven but,
in general,
if errors are present
it is assumed
the results will
tend to be low.
The results presented here do not,
therefore,
represent an
attempt
to establish a baseline but
serve only as an indication of elements
that may be of interest
to future surveillance programs.
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OTHER ORGANIC CONSTITUENTS
Table
5.6—9
presents
the
results
of
gas
chromatographic
-
mass
spectrome-
tric
scan
analyses
for
trace
organic
(nonionic)
compounds
in
whole—fish
samples
of
burbot
from
Goderich
and
the
Straits
of
Mackinac.
As
opposed
to
the
antici—
pated
results
of
the
elemental
scan
(Table
5.6-8),
the
identification
of
such
a wide
range
or
organics
was
not
anticipated
in
these
fish.
Compounds
such
as
biphenyl
(non—halogenate),
naphthalenes,
phenanthrenes,
octachlorostyrene,
nonachlor,
toxaphene,
and
methylbenzothiophene
are
new
in
reports
of
Great
:
Lakes
contaminants.
The
phthalates,
chlorobenzenes,
chlorobiphenyls,
and
I
1
various
chlorinated
hydrocarbon
pesticides
were,
however,
not
only
anticipated
3‘fi
but
previously
recognized
as
present.
Possible
interpretations
of
the
results
i
on
trace
organics
differ
greatly
from
those
for
trace
elements.
Whereas
most
'
of
the
trace
elements
can
be
assumed
available
as
a
natural
constituent
to
some
degree
in
the
Great
Lakes
Basin,
the
vast
majority
of
the
organics
that
.
were
detected
can
only
be
attributed
to
products
of
man
and
his
activities.
I
Of
greatest
concern
is
the
presence
at
detectable
levels
of
a
wide
variety
of
}
pesticides
noted
for
their
stable
characteristics
and
long
lives
in
aquatic
{
systems.
Too
little
is
known
of
the
chronic
effects,
singly
and
together,
of
Aﬁf
these
pesticides
and
other
organic
contaminants
to
permit
any
estimate
of
the
iii
direct
risk
to
fish
stocks
or
to
wildlife
and
man
as
a
consumer
of
this
low
level
contamination.
Still
less
is
known
of
the
pathways
by
which
they
reach
fish
and
the
effects
which
they
may
have
on
other
components
of
the
aquatic
ecosystem
and
hence
indirectly
on
fish.
gf RADIOACTIVITY
Table
5.6—10
presents
the
levels
of
radioactivity
(total
B-
and
y-activity)
detected
in
whole—fish
samples
of
burbot
from
Goderich
and
the
Straits
of
 
 TABLE 5.6-8
TRACE ELEMENTS DETECTED BY SPARK SOURCE MASS SPECTROMETRY IN
WHOLE—FISH SAMPLES 0F BURBOT AND BLOATER CHUB
FROM OPEN WATERS OF LAKE HURON OFF GODERICH, ONTARIO
  
CONCENTRATION IN ug/g
ELEMENT BURBOT BLOATER CHUB
Lead (Pb) 0.095 0.075
Neodymium (Nd) a a
Praseodymium (Pr) a 0.020
Cerium (Ce) a a
Lanthanum (La) 0.025 0.060
Barium (Ba) 0.25 0.030
Cesium (Cs) a a
Iodine (l) 18 12
Tellurium (Te) 0.050 a
Tin (Sn) 0.82 0.35
Indium (In) 0.025 0.055
Cadmium (Cd) 3 0.170
Silver (Ag) 0.060 0.080
Rhodium (Rh) a a
Molybdenum (Mo) 0.030 a
Zirconium (Zr) a a
Strontium (Sr) 3.2 3.8
Rubidium (Rb) 2.4 2.2
Bromine (Br) 8.5 5.3
Selenium (Se) 0.19 0.28
Arsenic (As) 0.005 0.013
Germanium (Ge) 0.16 1.3
Gallium (Ga) 0.02 0.12
Zinc (Zn) 16 25
Copper (Cu) a a
Nickel (Ni) a a
Cobalt (Co) 0.24 1.0
Iron (Fe) 22 11
Manganese (Mn) 1.7 2.4
Chromium (Cr) 0.68 1.8
Vanadium (V) 0.075 0.26
Titanium (Ti) 0.13 0.16
Scandium (Sc) 0.075 0.44
Aluminum (A1) a a
Fluorine (F) 0.83 0.27
Calcium (Ca) >54 >27
Potassium (K) >13 >6
Chlorine (C1) >50 >20
Sulphur (S) >22 >60
Pho
sph
oru
s
(P)
>26
>15
Mag
nes
ium
(Mg
)
>22
>9
So
di
um
(Na
)
>25
>14
    
a. Not detected
    
  
  
TABLE 5.6—9
  
r_j
ORGANIC COMPOUNDS (NONIONIC) DETECTED (+) AND NOT DETECTED (—)
BY COMBINED GAS CHROMATOGRAPHY - MASS SPECTROMETRY IN WHOLE—
FISH SAMPLES OF BURBOT FROM OPEN WATERS OF LAKE HURON
COMPOUND ESTIMATED STRAITS OF GODERICH
CONCENTRATION MACKINAC
RANGE DETECTED
(Hg/g)
Biphenyl 0.01—O.l — +
Naphthalene and methyl naphthalenes O Ol_0 5 + +
Phenanthrene and methyl phenanthrenes ' ' + +
Diethyl phthalate + +
Dibutyl phthalate 0.0l—O.l + +
Di—Z—ethyl hexylphthalate + +
Trichlorobenzene + +
Tetrachlorobenzene — +
Pentachlorobenzene O'Ol_0'5 — +
Hexachlorobenzene + +
Chlorobiphenyl (tri— through octachloro PCB's) + +
Octachlorostyrene 0.00l—0.0l — +
1,2,3,4,5,6—Hexachlorocyclohexane
(alpha isomer) <0.l — —
(gamma isomer) <0.l — —
Heptachlor epoxide 0.1—1.0 + —
Chlordane (cis- and trans—)
0.1—1.0
+
+
Nonachlor (cis— and trans—) 0.1—1.0 + +
Oxychlordane 0.01—O.l + —
Dieldrin <0,1 _ _
pp' DDT 1—10 + +
op' DDE 0 1—1.0 + —
PP'
DDE
1—10
+
+
pp' DDD 0.1-1.0 + +
PP'
DDM
U
<o.
01
-
_
Toxaphene components (C10H8C17,8,trans—) 0.1—1.0 + —
Methylbenzothiophene 0.01—0 l — +
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 TABLE 5.6-lO
MEAN LEVELS OF RADIOACTIVITY IN WHOLE BURBOT
FROM THE OPEN WATERS OF LAKE HURON
 
ACTIVITY IN pCi/g WET WEIGHT
Location Total 8 activitya y— activityb
Straits of Mackinac 1.90 0.17
Goderich 2.02 0.085
 
a. “0K equivalent
b. 137Cs equivalent
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Chapter 6 presents the eleven issues identified by the Reference Group.
Each issue is presented as a separate subchapter:
Enrichment
Public Health Microbiology
Metals
Organic Contaminants
Solids
Spills
Lake Level Regulation
Dredging
Vessel Wastes
0 Thermal Inputs
1 Radioactivity
l
-
‘
I
—
‘
K
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V
C
h
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n
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W
N
H
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x
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Each subchapter contains a description of the potential problem, a description
of the issue as it pertains to Lake Huron, and conclusions. The issues are
based on information presented in the preceding chapters. Chapter 3 identifies
and quantifies sources of material inputs to Lake Huron and forecasts future
loadings; Chapter 4 describes the quality of the nearshore waters, harbours,
and embayments; and Chapter 5 describes the quality of the open waters of the §
lake. The material presented and the conclusions reached in this chapter I
provide the basis for the recommendations given in Volume I, in response to g
:1
%
the Reference Questions.
'1
I"
(I
".
l.
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ENRICHMENT AND THE REFERENCE QUESTIONS
The Reference Questions ask whether the Upper Lakes are being polluted.
With regard to enrichment, both Canada and the United States have inputs to
Lake Huron. Generally, the effects of those inputs are confined to nearshore
waters. Therefore, the inputs from one country have little effect on waters
of the other country.
Present nutrient inputs are not likely to cause direct injury to human
health. However, water qualitydegradation in localized areas is occurring
and may directly affect the flora and fauna of the water, resulting in water
filtration problems, taste and odour problems, deterioration of existing
fishery stocks, and impairment of water-based recreation. Water quality
degradation of Lake Huron is acute in Saginaw Bay and, to a lesser extent, in
the Penetang-Midland area of Georgian Bay.
 
Depletion of reactive silicate and nitrate is one effect of enrichment
that is affecting the water of the open lake. Depletion occurs when phos—
phorus—enriched waters stimulate algal blooms, requiring large amounts of
nitrogen and silicate. Minor silicate and nitrate depletion exists in Lake
Huron but, although it is not a problem at present, significant phytoplankton
species changes are expected if the depletion worsens.
ENRICHMENT
This section describes in general terms the causes and effects of enrich—
ment in a water body. The following section presents evidence for enrichment
and of nutrient buildup in Lake Huron.
 
CAUSES
Enrichment of a water body may arise from organic and/or nutrient inputs.
Organic enrichment results from the input of material from any living or
formerly living source. Prime contributors of organic enrichment are muni-
cipal and industrial effluents and runoff from agricultural and eroding areas.
Nutrient enrichment, with respect to phosphorus and nitrogen inputs, arises
from natural drainage, agricultural runoff, atmospheric inputs, urban runoff,
and municipal and industrial effluents.
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ECOLOGICAL EFFECTS
ORGANIC ENRICHMENT
Both organic enrichment and nutrient enrichment have detrimental effects
on t
he q
uali
ty o
f th
e re
ceiv
ing
wate
r bo
dy
(Fig
ure
6.1—
1).
Orga
nic
enri
chme
nt
sup
pli
es
car
bon
and
nit
rog
en
com
pou
nds
whi
ch
dir
ect
ly
aff
ect
wat
er
che
mis
try
.
The
car
bon
and
nit
rog
en
in
org
ani
c c
omp
oun
ds,
suc
h a
s s
uga
rs
and
ami
no
aci
ds,
requ
ire
oxyg
en
for
conv
ersi
on t
o th
eir
inor
gani
c fo
rms,
carb
on d
ioxi
de a
nd
nitr
ate.
In a
ddit
ion,
carb
on c
ompo
unds
are
a fo
od s
ourc
e fo
r he
tero
trop
hic
bact
eria
.
Incr
ease
d ba
cter
ial
popu
lati
ons
requ
ire
more
oxyg
en
for
thei
r
resp
irat
ion.
Thus
, t
he n
et e
ffec
t of
orga
nic
enri
chme
nt i
s a
high
er o
xyge
n
demand. If that demand is high enough to deplete oxygen concentrations,
aquatic organisms such as fish and fish food can be adversely affected.
 
NUTRIENT ENRICHMENT
Nutrient enrichment directly affects water chemistry by providing ele—
ments essential for plant growth. Phytoplankton, attached algae such as
CZadOphora, and rooted aquatic plants generally respond to increased nutrient
levels with increased growth. Frequently, the phytoplankton increase is
accompanied by greatly perturbed populations of species that were relatively
unimportant prior to enrichment. The ecological consequences of drastically
altering the species composition of phytoplankton are serious and may include
blooms of filter—clogging algae or scum—forming blue—greens. Ultimately these
nuisance type blooms may affect the other biota by producing toxic substances
or by eliminating, through competition for nutrients, other species which may
be food sources for the indigenous fauna. Such biological interactions
adversely affect the biota and could theoretically eliminate or exclude species
from the system, affecting the entire food chain. Further, nutrient enrichment
appears to favor the free—living stages of various parasites of fish (3).
Species changes and algal blooms do not always result from nutrient
enrichment. Stoermer at al. (1) found no great differences in the composition
of phytoplankton assemblages in the west arm of Grand Traverse Bay in Lake
Michigan, even thoughphosphorus levels and standing crops of phytoplankton
increased southward toward Traverse City. .Also, a nutrient perturbation may
change the assemblage, as noted by Schelske at al. (2), primarily by changing
the proportions of dominant species.
NUTRIENT DEPLETION
Certain chemical changes in the water accompany increased plant growth.
Depletion of reactive silicate and nitrate is generally attributed to their
assimilation by phytoplankton. Concentrations of both nutrients are at a
maximum during the winter period of full circulation and at a minimum in the
epilimnion during late summer thermal stratification. The difference in
concentrations between the winter maximum and the summer minimum is defined as
nutrient utilization (Figure 6.1-2).
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NUTRIENT CONCENTRATION
FIGURE 6.1-2.
MODEL FOR EUTROPHICATION ASSESSMENT. Depth is
plotted versus nutrient concentration on an arbitrary
scale. H denotes depth of mixed layer. SS and WC
represent nutrient concentrations at the initiation
of spring stratification and during winter circulation,
respectively. U represents change in nutrient concen-
tration due to utilization by phytoplankton, and R
represents nutrient concentration in the aphotic zone
during summer stratification. Information from
Reference (58).
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Sili
cate
depl
etio
n is
caus
ed b
y th
e gr
owth
of d
iato
ms a
s th
is g
roup
of
phyt
opla
nkto
n ha
s an
abso
lute
requ
irem
ent
for
sili
cate
.
Give
n th
e pr
oper
con
dit
ion
s,
inc
rea
sin
g t
he
inpu
t o
f p
hos
pho
rus
inc
rea
ses
the
sta
ndi
ng
cro
p o
f
diat
oms.
Util
izat
ion
or p
ossi
ble
depl
etio
n of
reac
tive
sili
cate
by d
iato
ms
may
then
occu
r (4
).
Beca
use
diat
oms
are
an i
mpor
tant
form
of p
hyto
plan
kton
in
Lake Superior (5) and Lake Huron (2, 6, 7) the depletion of silicate is a
usef
ul i
ndex
of t
he c
umul
ativ
e or
tota
l s
tand
ing
crop
of p
hyto
plan
kton
pro—
duce
d du
ring
the
peri
od o
f me
asur
emen
t.
The
amou
nt o
f nu
trie
nt d
eple
tion
is
also a measure of the consequences of nutrient enrichment.
Nitrogen is an essential part of proteins found in all organisms. When
nitr
ate
and
othe
r fo
rms
of n
itro
gen
beco
me l
imit
ing
for
phyt
opla
nkto
n gr
owth
this limitation, like silicate depletion, causes a shift in species compo-
sition. This shift is from phytoplankton that utilize combined forms of
nitrogen, such as nitrate and ammonia, to phytoplankton that can utilize or
fix the free nitrogen dissolved from the atmosphere in the water. The algae
that fix nitrogen are blue—greens, the nuisance, scum—forming types. They are
used only sparingly, if at all, as a food source by zooplankton. The result
is a change in the composition of the aquatic community and an imbalance in
the food chain of the lake. Nitrogen fixation by phytoplankton in the Upper
Lakes would seem to be limited to highly enriched nearshore areas, such as
Saginaw Bay and Green Bay. These are areas where phytoplankton standing crops
are large enough to utilize the supplies of combined nitrogen. In Green Bay,
nitrogen fixation has been quantified (9) but no work has been done in Saginaw
Bay or in any other area of Lake Huron.
EFFECTS ON WATER USES
Changes in water chemistry (particularly reduced oxygen levels), in-
crea
sed
plan
t gr
owth
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nd c
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en l
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, c
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rrit
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as s
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whi
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are
fav
ore
d b
y e
nri
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ent
(8).
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opu
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d a
s
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ati
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nve
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s a
nd
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ir
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ds
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se.
The
res
ult
is
dis
rup
tio
n o
f t
he
com
mer
cia
l f
ish
ing
ind
ust
ry
and
rec
rea
tio
nal
fishing and associated commerce.
EVIDENCE OF ENRICHMENT IN LAKE HURON
In
Lak
e H
uro
n,
lit
tle
his
tor
ica
l d
ata
exi
st
to
doc
ume
nt
the
ear
lie
r s
tat
e
of t
he l
ake.
With
out
ques
tion
, e
nric
hmen
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ises
coin
cide
nt w
ith
cult
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ent,
popu
lati
on i
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ases
in t
he w
ater
shed
, a
nd r
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nal
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e of
the
wate
r.
Enri
chme
nt f
rom
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ral
sour
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with
out
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n in
flue
nce
is s
ligh
t
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(10)
.
Onc
e a
wat
er
bod
y i
s e
nri
che
d,
the
pro
ble
ms
con
tin
ue
as
nut
rie
nts
are
recy
cled
by t
he f
eedi
ng a
nd e
xcre
tory
proc
esse
s of
orga
nism
s an
d by
sedi
—
ment
atio
n an
d de
cay.
Nutr
ient
rege
nera
tion
resu
lts
from
micr
obia
l ac
tivi
ties
I
and from chemical reactions, primarily in the sediments.
The impact of enrichment is first asserted in localized areas, specific—
ally
thos
e ar
eas
of a
lake
rece
ivin
g in
puts
from
cult
ural
sour
ces.
As c
urre
nts
dis
per
se
the
enr
ich
ed
wat
ers
of
loc
ali
zed
are
as,
the
mat
eri
als
are
dil
ute
d b
ut
spr
ead
to
adj
ace
nt
nea
rsh
ore
wat
ers
.
The
se
nea
rsh
ore
zon
es
ser
ve
as
a b
uff
er
betw
een
loca
lize
d ar
eas
and
the
open
wate
r.
Deve
lopi
ng p
robl
ems
in a
larg
e
lake
then
woul
d be
expe
cted
to f
ollo
w a
hist
oric
al p
atte
rn w
ith
the
effe
cts
of
enri
chme
nt
firs
t ap
pare
nt n
ear
an i
nput
and
even
tual
ly
impa
ctin
g th
e op
en l
ake
waters. In Lake Huron several localized areas and portions of the nearshore
are now being enriched. Waters of the open lake are beginning to show the
effects of enrichment, particularly in summer depletion of reactive silicate
and nitrate.
OXYGEN
Oxygen depletion is a useful indicator to evaluate the extent of enrich—
ment in a lake such as Lake Erie, where oxygen is depleted completely in the
summer in the hypolimnion of the central basin (11). However, oxygen depletion
is not useful in larger, deeper, less productive lakes such as Lake Huron where
changes in oxygen concentration are small. The extent of hypolimnetic oxygen
depletion is small in the open waters of Lake Huron, with 94.1% being the
lowest saturation valueobserved in a 1971 survey (39). The lowest saturation
value in the 1974 data for the open waters was 73%.
Dissolved oxygen concentrations for the open waters of Lake Huron are
never below the Agreement objective of 6.0 mg/l, even in the deepest parts of
the lake. The same is true for Georgian Bay and the North Channel. In Saginaw
Bay, however, the dissolved oxygen concentration is infrequently less than the
objective with a value as low as 2.7 mg/Q recorded in 1974 (Table 4.2—3).
Equally low oxygen values occurred in Penetang and Midland Bays in 1973 and
1974. Dissolved oxygen concentrations in all other nearshore areas generally
meet the Agreement objective (Figure 4.1—12).
PHOSPHORUS
Phosphorus is generally considered to be the most important nutrient in
controlling algal growth in most fresh waters. Experiments verify that phos—
phorus controls phytoplankton growth in Lake Huron (40). A simple test is to
add phosphorus to lake water and determine whether phytoplankton respond by
producing greater standing crops. Results of this simple experiment were
dramatic on 7 of the 8 dates experiments were conducted on Lake Huron water
during 1975 (Figure 6.1—3); the addition of phosphorus alone increased the
concentration of chlorophyll at least three fold except in late October. The
importance of adding phosphorus rather than any other potentially limiting
nutrient was evident when other nutrients were added to lake water. When
phosphorus and several other nutrients were added, phytoplankton responses
were an order of magnitude greater than when other nutrients were added with-
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out
pho
sph
oru
s (
Fig
ure
6.1
—4)
.
In
ano
the
r e
xpe
rim
ent
con
duc
ted
at
the
mou
th
of
Sag
ina
w B
ay
(41)
, s
mal
l a
ddi
tio
ns
of
pho
sph
oru
s c
aus
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an
inc
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se
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sta
ndi
ng
cro
p (
Fig
ure
6.1
—5)
but
had
min
or
eff
ect
s o
n t
he
spe
cie
s c
omp
osi
tio
n.
The
add
iti
on
of
onl
y 5
ug
P/£
cau
sed
a m
ajo
r e
ffe
ct,
ind
ica
tin
g t
he
ext
rem
e
sens
itiv
ity
of p
hyto
plan
kton
to p
hosp
horu
s en
rich
ment
, a
nd i
mply
ing
sign
ific
ant
effects with smaller additions. This is especially significant for Lake Huron
beca
use
smal
l in
crea
ses
in t
he c
once
ntra
tion
of p
hosp
horu
s,
whic
h ar
e di
ffic
ult
to m
easu
re,
repr
esen
t a
cons
ider
able
incr
ease
in l
oadi
ng a
nd m
ay a
lso
be
acc
omp
ani
ed
by
a c
ons
ide
rab
le
inc
rea
se
in
phy
top
lan
kto
n.
Pres
ent
tota
l ph
osph
orus
conc
entr
atio
ns
in t
he o
pen
wate
rs o
f La
ke H
uron
aver
age
%4.5
ug/Q
. T
he o
pen
wate
rs o
f Ge
orgi
an B
ay h
ave
tota
l ph
osph
orus
conc
entr
atio
ns o
f N4
.7 u
g/l.
Conc
entr
atio
ns i
n th
e No
rth
Chan
nel
are
simi
lar
to t
hose
in L
ake
Huro
n pr
oper
.
A li
ttle
more
than
half
of t
he t
otal
phos
—
phorus in the water column is dissolved. Generally, less than 1 pg/R is
present as dissolved reactive phosphates, which are forms immediately avail—
able for algae. These concentrations of phosphorus are not sufficient to
produce problem algal blooms.
Nearshore areas have higher phosphorus concentrations, resulting in
nuisance algal growths. The average concentration of total phosphorus in the
innermost part of Saginaw Bay is 58 ug/R (Table 4.2-3), about ten times the
concentration in Lake Huron. The Penetang—Midland area of Georgian Bay has
total phosphorus concentrations averaging >20 ug/£ (Figure 4.1—10), four times
the concentration in Lake Huron.
REACTIVE SILICATE AND NITROGEN
The events or stages associated with increased nutrient enrichment of the
Great Lakes can be summarized as follows. In the first stage, with relatively
small amounts of either silicate or nitrate summer depletion in the epilimnion,
the pristine phytoplankton flora is dominated by anoligotrophic Cyclotella
diatom assemblage (1). In the second stage, when reactive silicate becomes
limiting to diatoms, species dominance begins to shift from diatoms to blue—
green and green algae. Finally, in the third stage, a further species shift
occurs when combined forms of nitrogen become limiting and nitrogen fixing
blue-green algae begin to utilize available supplies of nutrients. Concomitant
with these described stages, standing crops of phytoplankton increase. Lake
Superior is presently in the first stage (5), Lake Michigan is in the second
stage (7), and western Lake Erie and some of the nearshore areas of Lake Huron
are in the third stage (12).
Lake Huron is at an intermediate point between stages 1 and 2. During
the summer the lake receives silicate—limited or nearly silicate-limited water
from Lake Michigan. If it were not for the large supplies of reactive silicate
in the other inputs, primarily from Lake Superior and Georgian Bay, silicate
might be limiting in Lake Huron. Utilization of reactive silicate and nitrogen
in the Great Lakes is shown in Figure 6.1-6. These lakes have the relation—
ship of phosphorus concentration and standing crop of chlorophyll that would
be expected from the degree of nutrient depletion (Figure 6.1-7).
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FIGURE 6.1-5
RESPONSE OF PHYTOPLANKTON POPULATIONS TO VARYING AMOUNTS
0F PHOSPHORUS ENRICHMENT. Data are from Schelske <41).
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 CZadophOPa colonies are small and do not interfere with water uses. The
largest concentrations of CZadOphora in Georgian Bay are at Collingwood and
the Penetang-Midland area.
TRENDS AND DEVELOPMENT OF FUTURE PROBLEMS
WHOLE LAKE TRENDS
It has been known for more than half a century that the excessive algal
growth in lakes is related to nutrients and particularly to phosphorus and
nitrogen (13). Sawyer (14) recognized that the phosphorus concentration in
lake water was the main factor controlling eutrophication. A convenient tool
for the practical application of these relationships was Vollenweider's (15)
simple model plotting loading per unit of lake area Us. mean depth, rather
than concentration, as an indication of lake eutrophication. This model was
applied in the Lower LakesReport to the IJC (l6) and is used here for des—
cribing trends and future problems.
Since its conception, this model has undergone a series of transforma—
tions. It was recognized that the water residence time in a lake plays an
important role in the final effect which phosphorus loading has upon eutro—
phication (17-23). At the same time the phosphorus models stimulated the so
called phosphorus—carbon controversy. Lange (24), Kuentzel (25), and Kerr at
al. (26) placed in doubt the effectiveness of phosphorus removal in the
presence of a surplus of carbon in the water. This doubt has largely been
removed by the results of whole-lake experiments by Schindler and coworkers
(35, 36) and laboratory experiments by Goldman, at aZ. (37). It has been
demonstrated on different occasions that phosphorus is the nutrient most
frequently controlling production of algae (27—29) and, moreover, only phos—
phorus is controllable by man to an extent that can reduce the incidence of
algal blooms.
The simplest variant of the initial loading vs. depth model is the
Vollenweider (l9) modification in which eutrophication is presented as the
result of the average concentration of phosphorus in the inflowing waters,
[P]i, and of the water residence time, T 'w.
[P]ie = 20 (1 + / Tw ) [1]
[Hip = 10 (1 + ./ Tw) [2]
where [P]ie is the excessive and [P]i the permissible concentrations, res—
pectively, of total phosphorus in ug/E. Concentrations less than the per—
missible value are generally considered to be in the oligotrophic range and
concentrations greater than the excessive value are generally taken to indi—
cate eutrophic conditions. Residence time is defined as the volume of the
water body divided bythe total inputs (see also Chapter 5.1). On the grounds
of common limnological experience, the lower (permissible) limit of total
phosphorus concentration in lake water which does not cause any serious algal
bloom may safely be assumed to be 10 ug/R. The upper level should not exceed
20 ug/l (14). The longer the residence time in a lake the greater will bethe
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TABLE 6.1-1
..—-—r
h
PHOSPHORUS LOADINGS AND CHLOROPHYLL a CONCENTRATIONS FOR 1974 AND PROJECTIONS FOR 2020
TOTAL PHOSPHORUS MEAN CHLOROPHYLL u I.
FLOW THROUGH WATER mnow LAKE ‘ CONCETIRAIION 1111/ IL) :
LAKE AND YEAR LAKE VOLUME CONNECTING INPUT VOLUME, RESIDENCE LOADING CONCENTRATION CONCENTRATION OBSERVED MODEL“ MODEL 5
(10563) CHANNELSe 0d (1o‘m3/a) TIME,Tu(a) (t/a) 21 (03/1) P1 (ug/Q) ADJUSTEDd ;
Michig
an an
d
8,309
,000
—
245,2
00f
33.9
_
Huron
1974 11,100 45.3 2.: 2.32 2.1
19748 10,400 42.4 2.18 2.0
2920MB 12,500 49.8 2.55 2.3
Michigan 4, 915, 000 Gross 112, 600f 43. 7
1974 5,840 51.9 — 2.3 2.39 2.3
Huron
(Whol
e)
3,394
,000
Gross
234,3
00f
14.2
4.5
1974 5,680 24.2 1.7 1.78 1.7
1974a 4,980 21.3 1.56 1.5
2020b , 6,790 29.0 2.13 2.0
Huron (Whole) 3,394,000 Net 202,000 16.8 4,5
1974 5,520 27.3 1.7 1.87 1.7
1974'3 4,820 23.9 1.64 1.5
2020b 6,623 32.8 2.25 2.0
Huron (Main 2,6h7.000 Gross 281,000f 9.6 4.5
Body)
1974 4,180 14.9 1.6 1.28 1.6
1974a 3,480 12.4 1.07 1.3
2020b 4,700 16.7 1.44 1.8
Huron (Main 2,647,000 Net 185,100 14.3 4.5
Body)
1974 3,720 20.1 1.6 1.47 1.6
19749 3,020 16.3 1.19 1.3
2020b 4,230 22.9 1.68 1.8
Huron (Main 2,735,000 Gross 284.100f 9.7 4.5
Body) and
North
Channel
7974 5,140 18.1 1.6 1.54 1.6
1974‘1 4,440 15.6 1.33 1.4
292013 6,030 21.2 1.80 1.9
North Channel 87,500 Net 47, 500 1.8 5. 5
1974 1,220 25.7 1.7 3.84 1.7
2020b 1,700 35.8 5.35 2.4
GeorgiAn Bay 660,000 Gross 96,300 6.9 4.7
1974 I 1,200 12.5 1.2 1.21 1.2
202913 1,455 15.1 1.46 1.4 4
Georgian Bay 660.000 Net 35.100 18.8 _ 4.7
1974 928 26.4 1.2 1.73 1.2
2020b 1,180 33.6 2.20 1.5
           
  
 
  
  
8. Less planned reduction of 700 t. '
b. Loading prediction after Batteke (30), based on the assumption that the 1973 treatment effort will be maintained.
6- Chlorophyll a values predicted from equation [3].
d1 Adjusted chlorophyll a values, based on the ratio of 1974 observed-to—predicted values.
e. Either the net or the gross flow through the Straits of Mackinac between Lake Michigan and Lake Huron and through the Main Channel between
Lake Huron and Georgian Bay can be used. A description of the flows is given in Chapter 5-1-
f- Output volume, assumed equal to input volume. Output includes drainage through all connecting channels and evaporation; changes in lake
level are also considered. See Chapter 5.1.
8- Loading to Lake Michigan is assumed constant to 2020.
h. Calculations and data base for residence times and for phosphorus loadings are summarized in References (44—46), and are based on information
contained in References (18, 47-51), in Chapter 5.1, and in Volume I.
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The
chl
orO
phy
ll
a m
ode
l d
esc
rib
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in
Cha
pte
rs
4.2
and
5 i
ndi
cat
es
tha
t
the
mai
n b
ody
of
Lak
e H
uro
n i
s n
ot
in
equ
ili
bri
um
wit
h p
res
ent
pho
sph
oru
s
inp
uts
.
As
pho
sph
oru
s c
onc
ent
rat
ion
s c
ome
int
o b
ala
nce
wit
h t
he
pre
sen
t
pho
sph
oru
s l
oad
ing
s,
phy
top
lan
kto
n p
opu
lat
ion
s w
ill
inc
rea
se.
The
mod
el
est
ima
tes
tha
t e
qui
lib
riu
m w
ill
be
ach
iev
ed
in
20
yea
rs,
at
whi
ch
tim
e
chl
oro
phy
ll
a c
onc
ent
rat
ion
s w
oul
d h
ave
inc
rea
sed
by
abo
ut
0.2
ug/
Q i
n t
he
sou
the
rn
par
t o
f t
he
lake
.
Acc
ord
ing
to
the
mod
el,
red
uct
ion
of
the
pre
sen
t
pho
sph
oru
s l
oad
ing
of
418
0 t
/a
to
the
mai
n b
ody
of
Lak
e H
uro
n t
o 4
060
t/a
is
req
uir
ed
to
mai
nta
in
the
pre
sen
t c
hlo
rop
hyl
l a
con
cen
tra
tio
n a
t N
1.6
Ug/R
.
If
net
flo
ws
are
con
sid
ere
d t
hro
ugh
the
con
nec
tin
g c
han
nel
s,
the
n
the p
resen
t and
requi
red p
hosph
orus
loadi
ngs a
re 37
20 an
d 36
00 t/
a, r
espec
tivel
y.
The
Refe
renc
e Gr
oup
adop
ted
a ph
ilos
ophy
of n
onde
grad
atio
n (
Volu
me I
,
Chapter 4) to preserve the existing high quality of the Upper Lakes.
Presently scheduled reductions of 700 t/a would reduce the phosphorus
load
ing
to t
he m
ain
body
of L
ake
Huro
n to
3480
t/a,
whic
h w
ould
redu
ce
the
average chlorophyll a concentration to 1.3 ug/R. These presently scheduled
redu
ctio
ns w
ould
achi
eve
the
goal
of n
onde
grad
atio
n of
the
main
body
of
Lake Huron but only for the near future.
The phosphorus loads projected for the year 2020, assuming that the.
1973 level of treatment effort will be maintained, indicate that both Lake
Huron and Georgian Bay will still be within the permissible range but will
be closer to the maximum permissible level, and that the North Channel will
be closer to the excessive level of phosphorus inflow concentration (Figure
6.1—8). The projected phosphorus loadings are 4700 t/a for the main body
of Lake Huron, 1455 t/a for Georgian Bay, and 1700 t/a for the North Channel.
These loadings are all in excess of the levels permitted in order to maintain
present water quality.
According to Equation [3], chlorophyll a concentrations are predicted
to increase from the present averages of 1.6 ug/R for the main body of Lake
Huron, 1.2 ug/Q for Georgian Bay, and 1.7 ug/Q for the North Channel to
1.8, 1.4, and 2.4 ug/Q, respectively. According to the chlorophyll a model
described in Chapters 4.2 and 5, without additional treatment to remove
phosphorus from waste inputs, the projected loading will result in a chloro-
phyll a concentration of 3.5 ug/R in the southern part of the main body of
Lake Huron. Thus, the southern part of Lake Huron would then be mesotrophic.
Significantly greater water use problems could be the result, particularly
taste and odour and filter-clogging problems. Impairment of recreational
uses would be unlikely but might occur if CZadOphOPa growths, annual alewife
die—offS, or replacement of sport fish by less desirable species would
occur.
These phosphorus loading and chlorophyll a concentration projections
are not in accordance with the Reference Group's philosophy of nondegradation.
Therefore, in order to maintain the present high quality waters of Lake
Huron, phosphorus loadings must not exceed 4060 t/a for the main body of
Lake Huron, 1200 t/a for Georgian Bay, and 1220 t/a for the North Channel.
If net flows through the connecting channels are considered, then the
maximum permissible phosphorus loadings for the main body of Lake Huron and
for Georgian Bay are 3600 and 928 t/a, respectively.
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Dat
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Lak
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Eri
e a
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Ont
ari
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rom
Ref
ere
nce
(6).
Res
ide
nce
tim
es
and
pho
sph
oru
s c
onc
ent
rat
ion
s f
or
com
pon
ent
s o
f t
he
Lak
e H
uro
n—
Lak
e M
ich
iga
n s
yst
em
are
bas
ed
on
gro
ss
flo
ws
thr
oug
h t
he
Mai
n C
han
nel
and
the
Str
ait
s o
f M
ack
ina
c;
see
Cha
pte
r 5
.1
and
Ref
ere
nce
(44)
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The information presented in Volume I is based on net flows through .
the connecting channels. The use of gross rather than net flows, and the 1
associated phosphorus loadings, which are assumed to be essentially constant, l
does not affect the basis of the discussion and the assessment of the ;
lakes.
I
TRENDS IN EMBAYMENTS
In all models of nutrient enrichment, loadings are expressed per unit
of area or volume. Thus it is tacitly assumed that nutrients (contained in
point sources for example), after reaching the lake are soon efficiently
mixed with the entire mass of water, or at least with the water of the
epilimnic layer. However, depending on local conditions, lake morphology,
and currents, nutrient—rich effluents may not be dispersed over a wide area
of the lake, but may remain for some time within nearshore areas, parti—
cularly in bays. Within a few hours, added phosphorus can be assimilated
by algae, and blooms may occur in bay areas, independently of nutrient
concentrations and other conditions in the open lake water. A practical
implication of this fact is that poor water quality may prevaiZ in a bay of
a lake which, according to wholistic model, should be hithy oligotrophic
(31).
However, such a situation may occur only in bays with a relatively
longer water residence time. Residence or renewal time for a bay is defined
as the bay volume divided by the total inflow. It was assumed that a water
renewal time longer than 30 days (0.08 years) is enough to develop and
accumulate the product of an algal bloom when nutrients, temperature, and
light conditions are optimum. A few examples of bay areas were selected to
show the present conditions (Table 6.1—2).
The water renewal time, Tr, for bays was calculated as the ratio of
bay volume to the total amount of water annually entering the bay from both
the controllable and noncontrollable drainage (Qd) and the adjacent lake
area (Q1):
T
=
Vb
[4]
Qd + Q1
Qd was taken from the existing flow data, but Q1 had to be estimated on the
basis of differences
in the concentrations of some conservative
element
(chloride or dissolved solids)
in the drainage water
[C]d, bay water
[C]b,
and adjacent water [C]l (32):
[C]d - [C]b
Q1 = Qd "““““““‘“‘— [5]
[Clb " [c]l
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 PRESENT AND PROJECTED PHOSPHORUS LOADINGS AND
TABLE 6.1-2
CHLOROPHYLL u CONCENTRATIONS IN LAKE HURON EMBAYMENTS
       
E M B A Y M E N T
PENETANG— PENETANC MIDLAND INNER OUTER
MIDLAND BAY BAY SAGINéW SAGINAW
AREA BAY BAYf
VOLUME. vb (men?) 1,025 28 129 8,on 17,320
WATER RENEWAL TIME, Tr (years) 0.27 2 4 0.35 0.3 0.13
CONTROLLABLE SOURCES:
Flow (10“m3/a) 3.78 0.51 2.5 — -
Average Total Phosphorus
Concentration (pg/1) in 1973 4.500 3.296 1.041 ~ -
Average Total Phosphorus
Concentration (Hg/Q) in 1974 2,025 1.500 464 — A
Loading (t/a) in 1973 17 2.6 2.6 v —
Loading (t/a) in 1974 7.6 1 2 1.2 — —
NONCONTROLLABLE SOURCES:
Flow (10$m3/a) 2.595 s 2 s9 1 4.067 4,067
Average Total Phosphorus
Concentruticn (us/7.) in 1973
and in 1974 21 76 56 - »
Loading (t/s) in 1973 54.5 0.4 5.0 — -
Loading (C/a) in 1974 54.5 0 4 5.0 1.270 1,270
Loading (t/a) after scheduled
reductionaa - — - e73 673
ADJACENT LAKE WATERS:
Flow, 01 (IOhMJ/a) 1,314 6 275 22.674 174.047
Average Total Phosphorus
Concentration, P1 (1159/9) 5.8 20 20 8 7.2
TOTAL LOADING (t/a):
1973 71.5 3.0 7.6
1974 62.1 1.6 6 2 1,270 1.270
1.974“
-
—
—
rm
673
202013 80.1 2.1 8.0 1.63?! 1.638
MEAN INFLOW CONCENTRATION. P1 (ug/I)r
1973 28 510 98 — ~
1974 24 267 67 312 312
79743 - - A 165 165
2020 31 340 85 402 402
BAY CONCENTRATION, Pb (pg/V)
1975 22 38 24 - -
7974a 23 36 22 36 11
7574 - - — 22
7975 18 26 22 —
2020 25 35 23 45 I2
CHLOROPHYLL a CONCENTRATION:
Observed (pg/E):
I975 3.0 6.8 3.8 - -
7974 2.1 4 7 2.9 13.9 S 4
7975 4.7 7 5 4.8 - -
Model (ug/R)d
[8/3 6.4 14.1 7.3 - —
1.9/4 6.8 13.0 6.4 13.1 2.3
1974“ - — - e 4 1.8
[976 4.8 8.2 6.4 — —
2020 7.7 12.6 6.8 18.1 2.7
Model Adjusted (will)e
1973 3.0 6.8 3.8 - —
I974
2.1
4.7
2.9
13.9
5.4
H.474a
-
—
-
6 8
4.2
1975
4.7
7.5
4.8
—
—
2020
4.2
6.8
3.9
19.2
6.3
a.
1974
loadi
ng Mi
nus
a pla
nned
reduc
tion
of 83
% of
the p
hosph
orus
enter
ing
Sagin
aw B
ay fr
om c
ontro
llabl
e sou
rces.
Cont
roll
able
sour
ces
comp
rise
57%
of t
he t
otal
phos
phor
us i
nput
to S
agin
aw B
ay v
ia t
he S
agin
aw R
iver
. S
ee
Chapter 4.2.
1:.
Load
ing
proj
ecti
ons
afte
r Ba
rtek
e (3
0).
base
d on
the
assu
mpti
on t
hat
the
1973
trea
tmen
t ef
fort
will
be m
aint
aine
d.
c.
1973
and
1974
valu
es c
alcu
late
d as
a we
ight
ed a
vera
ge o
f co
ntro
llab
le a
nd n
onco
ntro
llab
le d
rain
age
input
s.
d. Concentrations calculated from Equation [8].
e.
Conc
entr
atio
ns f
or M
idla
nd a
rea,
Pene
tang
Bay,
and
Midl
and
Bay
adju
sted
, ba
sed
on t
he r
atio
of t
he s
um o
f th
e
obse
rved
valu
es f
or 1
973,
1974.
and
1975
to t
he s
um o
f th
e pr
edic
ted
valu
es f
or t
he s
ame
year
s.
Conc
entr
atio
ns
for
Sagi
naw
Bay
adju
sted
base
d on
the
rati
o of
obse
rved
—to—
pred
icte
d va
lues
for
1974
f.
Inn
er
Sag
ina
w B
ay
cor
res
pon
ds
to
Seg
men
ts
I,
11.
and
111,
sho
wn
on
Fig
ure
4.2
—3:
Out
er
Sag
ina
w B
ay
cor
res
pon
ds
to Segments IV and V.
g.
App
rox
ima
tel
y
def
ine
d a
s t
he
are
a
eas
t o
f
Gia
nts
Tom
b
Is1
and
.
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Wi
th
th
e
ex
ce
pt
io
n
of
Pe
ne
ta
ng
Ba
y
the
wa
te
r
re
ne
wa
l
ti
me
s
we
re
be
tw
ee
n
0.
13
an
d
0.
35
ye
ar
s
for
th
e
em
ba
ym
en
ts
co
ns
id
er
ed
.
In
su
ch
si
tu
at
io
ns
.
the
ph
os
ph
or
us
co
nc
en
tr
at
io
n
is
af
fe
ct
ed
ma
in
ly
by
the
di
lu
ti
on
of
th
e
in
fl
ow
wi
th
th
e
op
en
la
ke
wa
te
r
and
to
a
le
ss
er
de
gr
ee
by
th
e
ph
os
ph
or
us
se
di
—
men
tat
ion
wit
hin
the
bay
.
Ass
umi
ng
tha
t
the
dil
uti
on
and
sed
ime
nta
tio
n
rates remain constant:
 
K = d—i—e—— {6]
The
fut
ure
pho
sph
oru
s c
onc
ent
rat
ion
in
the
bay
,
[P]
b
, c
an
be
pre
dic
ted
fro
m
the
exi
sti
ng
pro
por
tio
ns
bet
wee
n
the
pho
sph
oru
s
inf
low
con
cen
tra
tio
n
[P
]i
,
ba
y
co
nc
en
tr
at
io
n
[P
]b
,
an
d
la
ke
co
nc
en
tr
at
io
n
[P
]1
:
[13be = + [911 [7]
whe
re
[P]
is
the
fut
ure
pho
sph
oru
s
con
cen
tra
tio
n i
n t
he
inf
low
.
if
Fro
m t
he
pho
sph
oru
s c
onc
ent
rat
ion
s,
chl
oro
phy
ll
a c
onc
ent
rat
ion
s c
an
be
pre
dic
ted
bas
ed
on
wor
k o
f S
aka
mot
o (
33)
and
of
Dil
lon
and
Rig
ler
(34)
.
They
foun
d a
high
ly s
igni
fica
nt c
orre
lati
on b
etwe
en t
he s
prin
g ph
osph
orus
concentrations and the summer average chlorophyll a concentrations:
log (chlorophyll a) = 1.45 log [P]b — 1.14 [8]
(assuming N:P ratio >12).
Instead of spring concentrations, annual concentrations are used in
the calculations summarized in Table 6.1—2. In cases where the data are
more complete, the annual concentrations of total phosphorus are generally
close to spring data.
PENETANG—MIDLAND
In the Midland area, in Midland Bay, and in Penetang Bay, phosphorus
removal programs have been in operation since 1974. The projected loadings
for 2020 are based on the 1974 loadings and assume that the 1974 level of
treatment effort would be maintained. The effect on the chlorophyll a con-
centration is projected as follows:
(1) Midland area: The average 1974/1975 concentration of 3.4 ug/R
would increase about 25% to 4.2 ug/R by 2020.
(2) Penetang Bay: The average 1974/1975 concentration of 6.1 ug/R
w0u1d increase about 10% to 6.8 ug/R by 2020.
(3) Midland Bay: The average concentration would not significantly
change.
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 SAGINAW BAY
As
des
cri
bed
in
the
Sag
ina
w B
ay
sec
tio
n,
Cha
pte
r 4
.2,
a m
ath
ema
tic
al
mod
el
has
bee
n
dev
elo
ped
to
inv
est
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te
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phy
top
lan
kto
n
bio
mas
s
of
Sag
ina
w
Bay
.
The
mod
el,
at
the
pre
sen
t s
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e o
f d
eve
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t,
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y t
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t
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w
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s
tha
t
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t
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t
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the
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a
sin
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ra
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n
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t
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s
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kto
n,
2)
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f
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c
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rie
nt
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c
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wth
,
3)
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nkt
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s
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n
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ll
a a
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a m
eas
ure
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e
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a
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e
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an
d
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dat
a b
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,
5)
tem
por
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y a
dju
ste
d p
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loa
din
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bou
nda
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s
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h
act
ual
var
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s,
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6)
out
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h
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ual
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n
pro
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tio
n
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kto
n b
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tio
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cri
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pte
r
4.2
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ref
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s
cit
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n.
The
mod
el
at
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t
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d
(fi
tte
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ane
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epe
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e
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t
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of
con
fid
enc
e
to
the
out
put
fro
m
thi
s m
ode
l
tha
n
to
mod
els
cal
ibr
ate
d
to
a
les
ser
num
ber
of
var
iab
les
.
Fur
the
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s
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sin
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TABLE 6.1—3
PROJECTED PHYTOPLANKTON RESPONSE IN SAGINAN BAY
T0 NUTRIENT LOADINGS EXPECTED IN 2020
  
PERCENT CHANGES IN PERCENT CHANGES IN
PEAK BIOMASS GROSS BIOMASS PRODUCTION
NUTRIENT(S) CONSIDERED Diatoms Blue—Greens Diatoms Blue—Greens
Phosphorus only 0.0 +33.5 0.0 +39.9
Nitrogen only 0.0 0.0 0.0 0.0
Reactive Silicate only +6.5 0.0 +3.9 0.0
Phosphorus + Nitrogen —l.0 +35.3 +2.0 +42.7
Phosphorus + Nitrogen +6.6 +36.5 +5.9 +43.6
+ Reactive Silicate
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 According to Equation [8], developed independently of the model described
in Chapter 4.2, a 40% increase in chlorophyll a concentration (from 13.9 to
19.2 ug/R) is predicted by 2020 for the inner part of Saginaw Bay, if the
1973 level of treatment effort is maintained (Table 6.1-2). A 20% increase
(from 5.4 to 6.3 pg/l) is predicted for the outer bay. When the proposed 600
t/a reduction of phosphorus input to Saginaw Bay is implemented, a substantial
decrease in chlorophyll a concentration from 13.9 to 6.8 ug/i can be expected
in the inner bay, and a decrease from 5.4 to 4.2 ug/Q for the outer bay.
CONCLUSIONS
(1)
(2)
(3)
(4)
(5)
The open waters of Lake Huron are of good quality and are not
presently experiencing problems caused by enrichment.
Increasing nutrient inputs by the magnitude expected in the next 50
years may create lakewide problems associated with enrichment. The
first changes accompanying increasing enrichment will likely be
qualitative changes in the phytoplankton species composition as
well as quantitative increases in the standing crop of plankton.
Potentially serious effects may follow the species changes.
Based upon the Reference Group's philosophy of nondegradation, in
order to maintain the chlorophyll a at the present level, the total
phosphorus loading to the main body of Lake Huron must not exceed
3600 t/a; to Georgian Bay, 928 t/a; and to the North Channel, 1220
t/a.
Certain nearshore areas of Lake Huron, especially Saginaw Bay,
Penetang Bay, and Midland Bay are presently experiencingwater use
problems associated with enrichment. The magnitude of these problems
will increase with increasing enrichment.
Reductions of phosphorus inputs to Saginaw Bay will have greater
impact on undesirable blue—green algae than on desirable diatoms.
A 30 to 50% decrease in chlorophyll a concentration is expected in
Saginaw Bay after the 600 t/a phosphorus reduction program is
implemented.
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Bacteriological
surveys
of
the
nearshore
and
offshore
waters
Lake
Huron,
Georgian Bay,
and
the
North
Channel
were
carried
out
to
determine
the
existing
water
quality
conditions,
identify
existing
or
developing
problem
areas,
and
establish baseline
levels.
Bacterial parameters
studied included
the sanitary
indicator bacteria
(total
coliforms,
fecal
coliforms,
fecal
streptococci)
indicative
of
possible
fecal
contamination
of
the
water,
and
Pseudomonas
aeruginosa,
a
pathogen
found
in
human
fecal
matter
(1)
which
is
indicative
of
the presence
of
fecal
pollution.
The
heterotrophic
bacterial
population
was
determined
to
help
assess
the
level
of
nutrient
enrichment.
The
significance
of
total
and
fecal
coliforms,
fecal
streptococci,
and
heterotrophs
is
detailed
further
in
Chapter
5.5.
Pseudomonas
aeruginosa
is
important
where
water
for
intimate
human
use
is
being
considered.
These
organisms
are
responsible
for
many
upper
respiratory
tract,
urinary
tract,
and
other
infections;
and
are
indicators
of
potential
hazards
caused
by
pathogens
such as SaZmoneZZa,
ShigeZZa,
Vibrios,
and
enteric
viruses.
The main
body
and
most
of
the
nearshore
waters
of
Lake
Huron,
the
North
Channel,
and
Georgian
Bay
are
essentially
free
from
fecal
contamination;
transboundary
movement
of
bacterial
contamination
is
not
evident.
Fecal
coliforms
and
fecal
streptococci
were
not
isolated
from
over
90%
of
the
samples
analyzed,
and
total
coliform
levels
were
consistently
<10
bacteria/100
m2
throughout
the
lake
(Chapter
5.5).
Elevated
bacterial
levels
are
found
only
in
association
with
specific
point
source
discharges
(Chapter
4).
To
avoid bacterial
pollution
of
Lake
Huron,
a combination
of
adequate
waste
holding
as
well
as
improved
treatment
and
disinfection
would
be
necessary
in
all
a
r
e
a
s
o
f
c
o
n
c
e
r
n
.
E
X
I
S
T
I
N
G
P
R
O
B
L
E
M
S
The following areas either had levels of sanitary indicator bacteria that
exceeded
agency
criteria
or
Agreement
objectives,
or
had
levels
of
other
bacteria
indicative
of
major
problems.
O
N
T
A
R
I
O
The Midland—Penetanguishene region is affected by urban storm drainage,
insufficiently treated municipal wastes, and heavy recreational use, which
contribute to elevated total coliform and heterotrophic bacterial levels.
Total coliform densities in this area exceeded Agreement objectives during the
Summer of 1974 (2).
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In
th
e
G
o
d
e
r
i
c
h
a
r
e
a
of
s
e
g
m
e
n
t
B,
th
e
A
g
r
e
e
m
e
n
t
o
b
j
e
c
t
i
v
e
s
a
n
d
t
h
e
On
ta
ri
o
cr
it
er
ia
fo
r
to
ta
l
an
d
fe
ca
l
co
li
fo
rm
s
an
d
fe
ca
l
st
re
pt
oc
oc
ci
we
re
ex
ce
ed
ed
on
oc
ca
si
on
.
M
o
n
t
h
l
y
ge
om
et
ri
c
me
an
s
of
th
e
i
n
d
i
c
a
t
o
r
b
a
c
t
e
r
i
a
r
e
c
o
r
d
e
d
in
G
o
d
e
r
i
c
h
H
a
r
b
o
ur
we
re
,
ho
we
ve
r,
wi
t
h
i
n
th
e
o
b
j
e
c
t
i
ve
s
an
d
cr
it
er
ia
.
D
o
w
n
s
t
r
e
a
m
f
r
o
m
Sa
ul
t
St
e.
Ma
ri
e,
On
ta
ri
o,
th
e
to
ta
l
c
o
l
i
f
o
r
m
le
ve
ls
in
th
e
St
.
M
a
r
ys
R
i
ve
r
we
r
e
us
ua
l
l
y
wi
t
h
i
n
cu
rr
en
t
cr
it
er
ia
,
as
th
e
c
o
n
t
i
n
uo
us
in
fl
ow
of
h
i
g
h
q
ua
l
i
t
y
wa
t
e
r
fr
om
La
ke
Su
pe
ri
or
p
r
e
ve
n
t
s
b
a
c
t
e
r
i
a
l
le
ve
ls
f
r
o
m
b
ui
l
d
i
n
g
up
to
v
e
r
y
hi
gh
co
nc
en
tr
at
io
ns
.
Th
e
O
n
t
a
r
i
o
si
de
of
th
e
r
i
ve
r
is
,
ho
we
ve
r,
on
e
of
th
e
m
o
s
t
s
e
ve
r
e
l
y
af
fe
ct
ed
by
i
n
d
us
t
r
i
a
l
an
d
m
u
n
i
c
i
p
a
l
w
a
s
t
e
d
i
s
c
h
a
r
g
e
s
(3
).
B
a
c
t
e
r
i
a
l
l
e
v
e
l
s
r
i
s
e
s
i
g
n
i
f
i
c
a
n
t
l
y
i
m
m
e
d
i
a
t
e
l
y
d
o
w
n
s
t
r
e
a
m
f
r
o
m
t
h
e
A
l
g
o
m
a
m
a
i
n
t
r
u
n
k
se
we
r.
T
h
e
l
e
v
e
l
s
t
h
e
n
d
e
c
l
i
n
e
s
l
i
g
h
t
l
y
b
u
t
r
i
s
e
ag
ai
n
d
o
w
n
s
t
r
e
a
m
f
r
o
m
th
e
m
un
i
c
i
p
a
l
o
ve
r
f
l
o
w
se
we
rs
.
Th
es
e
e
l
e
va
t
e
d
le
ve
ls
fa
ll
of
f
s
l
i
g
h
t
l
y
d
o
w
n
s
t
r
e
a
m
bu
t
ar
e
r
e
i
n
f
o
r
c
e
d
on
ce
a
g
a
i
n
d
o
w
n
s
t
r
e
a
m
fr
om
th
e
mu
ni
ci
pa
l
se
wa
ge
tr
ea
tm
en
t
pl
an
t.
Th
is
pa
tt
er
n
is
mo
st
si
gn
if
ic
an
tl
y
il
lu
st
ra
—
te
d
by
th
e
P
s
e
u
d
o
m
o
n
a
s
a
e
r
u
g
i
n
o
s
a
le
ve
ls
.
Th
e
h
i
g
h
e
s
t
le
ve
ls
of
P
s
e
u
d
o
m
o
n
a
s
a
e
r
u
g
i
n
o
s
a
in
th
e
U
p
p
e
r
La
ke
s
we
r
e
fO
un
d
in
th
e
St
.
M
a
r
ys
Ri
ve
r
(3
).
T
h
e
s
e
le
ve
ls
in
di
ca
te
a
co
nt
in
ua
l
in
pu
t
of
fe
ca
l
ma
te
ri
al
th
at
in
di
ca
te
s
th
e
ex
is
te
nc
e
of
a
se
ri
ou
s
po
te
nt
ia
l
he
al
th
ha
za
rd
.
Fu
rt
he
r
do
wn
st
re
am
,
in
La
ke
Ge
or
ge
,
hi
gh
le
ve
ls
of
he
te
ro
tr
op
hi
c
ba
ct
er
ia
ar
e
fo
un
d.
Th
es
e
el
ev
at
ed
le
ve
ls
re
fl
ec
t
th
e
en
ri
ch
ed
st
at
e
of
th
es
e
wa
te
rs
.
Tr
an
sb
ou
nd
ar
y
co
nt
am
in
at
io
n
of
th
e
U.
S.
wa
te
rs
by
in
pu
ts
fr
om
th
e
Ca
na
di
an
sh
or
e
of
th
e
St
.
Ma
ry
s
Ri
ve
r
ap
pe
ar
s
li
ke
ly
in
th
e
La
ke
Ge
or
ge
ar
ea
.
Th
e
ba
ct
er
ia
l
le
ve
ls
in
th
e
no
rt
hw
es
te
rn
po
rt
io
n
of
th
e
No
rt
h
Ch
an
ne
l
ar
e
el
ev
at
ed
du
e
to
th
e
lo
ad
in
gs
fr
om
th
e
St
.
Ma
ry
s
Ri
ve
r.
Th
e
re
st
of
th
e
No
rt
h
Ch
an
ne
l
is
of
go
od
ba
ct
er
io
lo
gi
ca
l
qu
al
it
y
ex
ce
pt
fo
r
th
e
To
wn
of
Bl
in
d
Ri
ve
r
an
d
th
e
mo
ut
h
of
th
e
Sp
an
is
h
Ri
ve
r.
El
ev
at
ed
fe
ca
l
co
li
fo
rm
an
d
Ps
eu
do
mo
na
s
ae
ru
gi
no
sa
le
ve
ls
at
Bl
in
d
Ri
ve
r
ar
e
in
di
ca
ti
ve
of
th
e
di
sc
ha
rg
e
of
in
ad
eq
ua
te
ly
treated sewage.
De
gr
ad
ed
ba
ct
er
ia
l
wa
te
r
qu
al
it
y
at
th
e
mo
ut
h
of
th
e
Sp
an
is
h
Ri
ve
r,
as
ev
id
en
ce
d
by
mo
de
ra
te
ly
hi
gh
to
ta
l
an
d
fe
ca
l
co
li
fo
rm
co
un
ts
,
is
du
e
to
ef
fl
ue
nt
fr
om
pu
lp
an
d
pa
pe
r
in
du
st
ri
es
up
st
re
am
an
d
fr
om
in
ad
eq
ua
te
ly
tr
ea
te
d
se
wa
ge
.
Th
e
im
pa
ct
of
th
e
Sp
an
is
h
Ri
ve
r
on
wa
te
r
qu
al
it
y
of
th
e
No
rt
h
Ch
an
ne
l
is
be
st
il
lu
st
ra
te
d
th
ro
ug
h
th
e
us
e
of
su
lp
hu
r—
cy
cl
e
ba
ct
er
ia
l
pa
ra
me
te
rs
to
de
te
rm
in
e
th
e
ex
te
nt
of
th
e
zo
ne
of
im
pa
ct
(4
).
In
ad
di
ti
on
to
th
e
ar
ea
s
me
nt
io
ne
d
ab
ov
e,
pr
ob
le
ms
ma
y
ex
is
t
in
ot
he
r
re
gi
on
s
ad
ja
ce
nt
to
po
pu
la
ti
on
co
nc
en
tr
at
io
ns
,
es
pe
ci
al
ly
in
ha
rb
ou
rs
an
d
em
ba
ym
en
ts
wh
ic
h
re
ce
iv
e
ur
ba
n
st
or
m
dr
ai
na
ge
an
d/
or
in
su
ff
ic
ie
nt
ly
tr
ea
te
d
mu
ni
ci
pa
l
wa
st
es
.
Po
rt
El
gi
n,
th
e
So
ut
ha
mp
to
n
ar
ea
,
Ow
en
SO
un
d,
an
d
Co
ll
in
gW
Oo
d
ar
e
ad
di
ti
on
al
ar
ea
s
wh
er
e
po
or
ba
ct
er
ia
l
qu
al
it
y
wa
s
ex
hi
bi
te
d
on
mo
re
th
an
on
e
oc
ca
si
on
or
at
mo
re
th
an
on
e
sa
mp
li
ng
lo
ca
ti
on
(5
).
In
Ow
en
So
un
d,
th
e
fe
ca
l
co
li
fo
rm
to
fe
ca
l
st
re
pt
oc
oc
ci
ra
ti
o
in
di
ca
te
s
pr
ob
ab
le
hu
ma
n
co
nt
am
in
at
io
n.
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MICHIGAN
Several areas along the Michigan shoreline,
primarily at river mouths,
exhibit significantly higher bacterial levels.
Total coliform levels near the
mouth of the Saginaw River and in the inner bay frequently exceed the Agreement
objective.
Fecal coliform counts are also elevated.
The sources of these
bacteria include municipal wastewater treatment plants and urban storm drainage
which usually discharge to tributaries which flow into Lake Huron.
Heterotrophic
and phosphatase organisms also show higher counts.
Elevated
total
coliform
levels,
often
in
excess
of
the
Agreement
objective,
were recorded at Cheboygan, Alpena, Harbor Beach, Lexington, and Tawas City.
These elevated levels are attributable to discharges of inadequately treated
municipal wastes.
The highest total coliform counts were recorded at the
(FE
mouth of the Thunder Bay River.
Elevated fecal coliform counts which often
exceeded the Agreement objective were observed at Cheboygan, Alpena, and Tawas
City.
As with total coliforms,
the highest counts were
recorded at river
mouth
stations,
with
maximum values
at
the
mouth
of
the
Cheboygan
River.
Elevated fecal streptococci values have also been recorded at Tawas City.
DEVELOPING PROBLEM
6
Sanitary
indicator
bacterial
levels
in
the
immediate
vicinity
of
Douglas
Point were
very
low,
but
preliminary
studies
on
the
sulphur—cycle
bacteria
in
this region indicate that an extensive
zone of impact exists
(5).
The high
counts of sulphur—cycle bacteria indicate
that serious degradation of water
quality is likely.
Presence of these populations
is an indication of potential
anoxic conditions.
This area could develop into a problem if steps are not
,
taken to control the cause of water quality degradation.
‘9
Data from many of the areas studied were not sufficiently intensive to
provide a proper estimate of water quality.
Future studies should be suffic«
iently intensive to establish areas of impact and influence of point sources
of pollution (4).
ADEQUACY
OF
BACTERIOLOGICAL
OBJECTIVES
AND
STANDARDS
Since their populations are generally low or absent, monitoring only
total and fecal coliforms is not adequate to protect users of Lake Huron,
to
measure changing trophic conditions, and to maintain nondegradation.
Further—
more, the majority of present bacteriological objectives and standards are
based on levels analytically attainable rather than on strong epidemiological
evidence.
 
Total coliforms is questionable as a public health indicator because of
the heterogeneity of
the organisms comprising it and because elevated counts
have been recorded in non—fecally contaminated environments.
The National
Technical
Advisory
Committee,
in
its April
1968
report
to
the
Federal
Water
POllution Control Administration, rejected the use of these organisms (6).
      
T
o
m
e
a
s
u
r
e
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
w
a
t
e
r
q
u
a
l
i
t
y
,
t
h
e
f
o
l
l
o
w
i
n
g
p
a
r
a
m
e
t
e
r
s
s
h
o
ul
d
be
r
o
ut
i
n
e
l
y
me
as
ur
ed
:
fe
ca
l
co
li
fo
rm
s,
fe
ca
l
s
t
r
e
p
t
o
c
o
c
c
i
,
P
s
e
ud
o
m
o
n
a
s
a
e
r
u
g
i
n
o
s
a
,
a
n
d
a
e
r
o
b
i
c
h
e
t
e
r
o
t
r
o
p
h
s
.
In
a
d
d
i
t
i
o
n
,
t
h
e
s
u
l
p
h
u
r
—
c
y
c
l
e
b
a
c
t
e
r
i
a
a
p
p
e
a
r
t
o
b
e
a
u
s
e
f
u
l
s
u
p
p
l
e
m
e
n
t
i
n
s
o
m
e
c
a
s
e
s
to
a
n
a
l
y
z
e
t
h
e
i
m
p
a
c
t
o
f
i
n
d
u
s
t
r
i
a
l
p
u
l
p
a
n
d
p
a
p
e
r
w
a
s
t
e
d
i
s
c
h
a
r
g
e
s
.
N
e
w
m
i
c
r
o
b
i
o
l
o
g
i
c
a
l
o
b
j
e
c
t
i
v
e
s
s
h
o
u
l
d
a
l
s
o
b
e
e
s
t
a
b
l
i
s
h
e
d
a
n
d
m
e
a
s
u
r
e
m
e
n
t
m
e
t
h
o
d
s
d
e
v
e
l
o
p
e
d
.
T
h
e
s
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
h
a
v
e
b
e
e
n
f
o
r
w
a
r
d
e
d
to
th
e
W
a
t
e
r
Q
u
a
l
i
t
y
O
b
j
e
c
t
i
v
e
s
S
u
b
c
o
m
m
i
t
t
e
e
o
f
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
(7
).
CONCLUSIONS
T
h
e
r
e
is
n
o
t
r
a
n
s
b
o
u
n
d
a
r
y
m
o
v
e
m
e
n
t
of
b
a
c
t
e
r
i
a
f
r
o
m
e
i
t
h
e
r
c
o
u
n
t
r
y
h
a
r
m
f
u
l
to
th
e
p
o
p
u
l
a
t
i
o
n
of
th
e
o
t
h
e
r
c
o
u
n
t
r
y
,
e
x
c
e
p
t
in
t
h
e
L
a
k
e
G
e
o
r
g
e
ar
ea
w
h
e
r
e
c
o
n
t
a
m
i
n
a
t
i
o
n
of
U.
S.
wa
t
e
r
s
fr
om
C
a
n
a
d
i
a
n
s
o
ur
c
e
s
a
p
p
e
a
r
s
li
ke
ly
.
T
h
e
r
e
ar
e
se
ve
ra
l
ar
ea
s
h
a
vi
n
g
k
n
o
wn
or
p
o
t
e
n
t
i
a
l
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
p
r
o
b
l
e
m
s
t
h
a
t
n
e
e
d
f
u
r
t
h
e
r
r
e
m
e
d
i
a
l
a
c
t
i
o
n
.
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P
o
t
e
n
t
i
a
l
p
r
o
b
l
e
m
s
c
a
us
e
d
by
metals
c
o
n
t
a
m
i
n
a
t
i
o
n
in
a
q
ua
t
i
c
e
c
o
s
ys
t
e
m
s
may
be
exhibited
via
several
routes.
At
sufficiently
high
concentrations,
metals
in
water
may
result
in
direct
mortality
of
aquatic
biota.
Such
con—
centrations
generally
exist
only
in
extremely
localized
areas
such
as
harbours
or
tributary
mouths
where
losses
of
metal-bearing
wastes
may
occur
from
industrial
or
municipal
discharges
or
spills.
Chronic
exposure
to
metal
concentrations
lower
than
the
lethal
level
can
have
serious,
though
more
subtle,
adverse
effects
on
the
biota.
Metals
taken
up
directly
from
water
or
through
the
food
chain
may
accumulate
in
tissues
and
organs,
causing
morphological,
growth,
behavior,
or
reproduction
problems.
Indirectly,
metals
may
weaken
organisms
or
change
behavioral
patterns,
making
them
more
vulnerable
to
other
environmental
stresses
such
as
diseases
or
predation.
Another
indirect
influence
would
be
the
elimination
or
reduction
in
abundance
of
important
food
chain
organisms.
Finally,
biomagnification
of
metals
in
fish
tissue
may
present
a
hazard
to
wildlife
and
humans
through
consumption
of
contaminated
fish.
The
toxicity
of
trace
metals
to
aquatic
biota
is
basically
dependent
upon
the
aqueous
form
of
the
metal,
which
is
determined
by
the
alkalinity,
hardness,
pH,
organic
matter
content,
and
complexing
capacity
of
the
water
(1).
Sediments
act
as
sinks
for
heavy
metals
in
aquatic
systems
and,
under
aerobic
conditions,
can
almost
completely
immobilize
the
metals.
Very
rapid
adsorption
can
occur
on
hydrated
manganic
and
ferric
oxides
(2).
Lee
(3)
reported
that
the
adsorptive
capacity
is
greatest
on
freshly
precipitated
material.
Metal
ions
can
also
accumulate
in
sediments
as
humic
complexes
(4)
a
n
d
i
n
c
l
a
y
m
i
n
e
r
a
l
s
(5).
Though
metals
can
be
temporarily
immobilized
in
the
sediments,
chemical,
mechanical,
and
biological
activity
can
cause
resolubilization
and
mobiliza-
tion,
especially
under
anaerobic
conditions
(6).
Methylation,
by
aquatic
bac—
teria
in
the
sediment
is
an
important
mechanism
in
the
transport
and
cycling
0f
metals
because
the
organo—metallic
form
of
the
element
is
far
more
toxic
to
the
indigenous
biota.
Thus,
through
methylation,
the
impact
of
a
metal
upon
the
environment
is
considerably
increased.
Methylation
of
mercury
results
in
biomagnification in fish to levels hazardous
to health
(7).
Methylation of
other elements
in the aquatic
environment,
such as
lead,
selenium,
and
arsenic
has
also
been
demonstrated
(8-11).
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F
i
n
a
l
l
y
,
t
h
e
d
r
e
d
g
i
n
g
a
n
d
d
i
s
p
o
s
a
l
o
f
s
e
d
i
m
e
n
t
s
c
o
n
t
a
m
i
n
a
t
e
d
w
i
t
h
t
r
a
c
e
m
e
t
a
l
s
i
n
t
o
t
h
e
o
p
e
n
w
a
t
e
r
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
m
a
y
r
e
s
u
l
t
i
n
t
h
e
r
e
-
e
n
t
r
y
o
f
t
h
e
s
e
m
e
t
a
l
s
i
n
t
o
t
h
e
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
(
1
2
)
.
T
h
e
r
e
a
r
e
s
e
v
e
r
a
l
b
a
s
e
s
f
o
r
i
n
c
l
u
d
i
n
g
a
t
r
a
c
e
m
e
t
a
l
i
n
t
h
e
d
i
s
c
u
s
s
i
o
n
o
f
t
h
e
s
p
e
c
i
f
i
c
p
r
o
b
l
e
m
a
r
e
a
s
w
h
i
c
h
f
o
l
l
o
w
.
T
h
e
p
r
i
n
c
i
p
a
l
b
a
s
e
s
a
r
e
l)
c
o
n
c
e
n
t
r
a
—
t
i
o
n
s
h
i
g
h
e
r
t
h
a
n
a
v
e
r
a
g
e
o
r
"
b
a
c
k
g
r
o
u
n
d
"
l
e
v
e
l
s
,
2)
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
e
x
c
e
s
s
o
f
s
t
a
n
d
a
r
d
s
e
s
t
a
b
l
i
s
h
e
d
f
o
r
r
e
g
u
l
a
t
o
r
y
p
u
r
p
o
s
e
s
,
a
n
d
3)
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
e
x
c
e
s
s
o
f
c
r
i
t
e
r
i
a
,
o
b
j
e
c
t
i
v
e
s
,
a
n
d
g
u
i
d
e
l
i
n
e
s
w
h
i
c
h
h
a
v
e
b
e
e
n
s
c
i
e
n
t
i
f
i
c
a
l
l
y
o
r
e
m
p
i
r
i
c
a
l
l
y
d
e
v
e
l
o
p
e
d
t
o
p
r
o
t
e
c
t
t
h
e
e
n
v
i
r
o
n
m
e
n
t
b
u
t
w
h
i
c
h
d
o
n
o
t
h
a
v
e
regulatory status.
T
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
n
d
l
e
v
e
l
s
o
f
m
e
t
a
l
s
o
b
s
e
r
v
e
d
i
n
t
h
e
w
a
t
e
r
s
,
s
e
d
i
m
e
n
t
,
a
n
d
f
i
s
h
o
f
L
a
k
e
H
u
r
o
n
a
r
e
p
r
e
s
e
n
t
e
d
i
n
C
h
a
p
t
e
r
s
4
a
n
d
5.
A
p
p
e
n
d
i
x
C
c
o
n
t
a
i
n
s
t
h
e
c
r
i
t
e
r
i
a
,
s
t
a
n
d
a
r
d
s
,
o
b
j
e
c
t
i
v
e
s
,
a
n
d
g
u
i
d
e
l
i
n
e
s
u
s
e
d
b
e
l
o
w
as
a
b
a
s
i
s
f
o
r
evaluation.
E
X
I
S
T
I
N
G
P
R
O
B
L
E
M
S
WATER
Tr
ac
e
me
ta
l
co
nt
am
in
at
io
n
in
La
ke
Hu
ro
n
is
li
mi
te
d
to
lo
ca
li
ze
d
ne
ar
sh
or
e
an
d
tr
ib
ut
ar
y
ar
ea
s.
In
th
e
ma
in
bo
dy
of
th
e
la
ke
,
ca
dm
iu
m,
ch
ro
mi
um
,
le
ad
,
ma
ng
an
es
e,
an
d
ni
ck
el
we
re
co
ns
is
te
nt
ly
at
or
be
lo
w
th
e
de
te
ct
io
n
li
mi
ts
an
d,
at
th
e
sa
me
ti
me
,
be
lo
w
th
e
le
ve
ls
re
co
gn
iz
ed
as
ha
rm
fu
l
to
aq
ua
ti
c
li
fe
.
Ir
on
an
d
zi
nc
we
re
at
me
as
ur
ab
le
bu
t
lo
w
le
ve
ls
,
wi
th
me
di
an
va
lu
es
of
ml
—Z
ug
/R
.
Th
e
me
di
an
co
pp
er
co
nc
en
tr
at
io
n
is
Nl
.5
pg
/Z
bu
t
mu
ch
hi
gh
er
va
lu
es
(>
6
ug
/Q
)
oc
cu
r
sp
or
ad
ic
al
ly
in
ce
nt
ra
l
La
ke
Hu
ro
n.
Th
er
e
is
li
tt
le
va
ri
at
io
n
in
th
e
tr
ac
e
me
ta
l
co
nc
en
tr
at
io
ns
am
on
g
di
ff
er
en
t
re
gi
on
s
of
th
e
ma
in
bo
dy
of
La
ke
Hu
ro
n,
wi
th
on
ly
ir
on
be
in
g
so
me
wh
at
hi
gh
er
in
th
e
no
rt
hw
es
t
se
ct
io
n
of
th
e
lake.
Tr
ac
e
me
ta
ls
in
Mi
ch
ig
an
ne
ar
sh
or
e
wa
te
rs
we
re
ge
ne
ra
ll
y
at
lo
w
le
ve
ls
in
19
74
(1
3)
.
A
hi
gh
me
an
le
ve
l
of
co
pp
er
wa
s
fo
un
d
at
Ta
wa
s
Ci
ty
(8
.3
ug
/Q
),
wh
ic
h
ex
ce
ed
ed
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
(5
ug
/R
)
fo
r
th
e
pr
ot
ec
ti
on
of
fi
sh
an
d
wi
ld
li
fe
.
In
di
vi
du
al
el
ev
at
ed
co
pp
er
va
lu
es
we
re
al
so
re
co
rd
ed
at
Pr
es
qu
e
Is
le
an
d
in
Sa
gi
na
w
Ba
y,
up
to
70
an
d
90
ug
/%
,
re
sp
ec
ti
ve
ly
.
El
ev
at
ed
me
an
le
ve
ls
of
zi
nc
we
re
re
co
rd
ed
at
De
To
ur
(1
9.
5
Ug
/R
)
an
d
in
Sa
gi
na
w
Ba
y
(1
6.
2
ug
/Q
);
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
is
30
ug
/R
.
In
di
—
vi
du
al
el
ev
at
ed
zi
nc
va
lu
es
we
re
al
so
re
co
rd
ed
at
De
To
ur
Pa
ss
ag
e
(1
20
ug
/R
),
in
Sa
gi
na
w
Ba
y
(5
5
Ug
/l
),
an
d
do
wn
st
re
am
of
Al
go
ma
St
ee
l
at
Sa
ul
t
St
e.
Ma
ri
e
(15 U8/£)-
Som
e w
ate
r
sam
ple
s
col
lec
ted
at
Alp
ena
con
tai
ned
man
gan
ese
up
to
60
ug/
l,
in
ex
ce
ss
of
th
e
U.
S.
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
of
50
pg
/l
.
Th
e
so
ur
ce
of
th
is
co
nt
am
in
an
t
ha
s
no
t
be
en
id
en
ti
fi
ed
.
Se
ve
ra
l
wa
te
r
sa
mp
le
s
co
ll
ec
te
d
at
Ha
rb
or
Be
ac
h
an
d
at
Al
pe
na
co
nt
ai
ne
d
iro
n
lev
els
up
to
1,0
00
ug/
i,
in
exc
ess
of
bot
h
the
U.S
.
Dri
nki
ng
Wat
er
St
an
da
rd
an
d
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
(3
00
ug
/l
).
Th
e
so
ur
ce
s
of
th
is
con
tam
ina
tio
n
hav
e n
ot
bee
n
det
erm
ine
d.
Iro
n
in
wat
er
sam
ple
s
col
lec
ted
dow
nst
rea
m o
f A
lgo
ma
Ste
el
at
Sau
lt
Ste
. M
ari
e a
ppr
oac
hed
the
obj
ect
ive
.
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75 s
tudy
of n
ears
hore
and
trib
utar
y wa
ters
of M
ichi
gan'
s s
hore
line
by
Po
ld
os
ki
(14
)
sh
ow
ed
lo
w
me
ta
l
co
nc
en
tr
at
io
ns
in
sa
mp
le
s
of
un
fi
lt
er
ed
wa
te
r
wit
h l
eve
ls
sli
ght
ly
hig
her
in
tri
but
ari
es
tha
n
in
the
nea
rsh
ore
are
as.
Of
the
tri
but
ari
es
sam
ple
d,
the
Sag
ina
w R
ive
r h
ad
the
hig
hes
t m
ean
con
cen
tra
tio
n
of
cop
per
(4.
7 u
g/Q
),
nic
kel
(8.
0 u
g/R
),
lea
d
(4.
5
ug/
k),
zin
c
(l7
ug/
Q),
and
chr
omi
um
(6.5
Ug/
R).
Sou
rce
s o
f h
eav
y m
eta
ls
in
Sag
ina
w B
ay
are
mai
nly
ele
ctr
opl
ati
ng
ope
rat
ion
s w
hic
h
dis
cha
rge
to
the
Sag
ina
w
Riv
er
or
its
tri
but
ari
es.
Trace metal concentrations in the North Channel are similar to those
fou
nd
in
the
mai
n b
ody
of
Lak
e H
uro
n.
The
St.
Mar
ys
Riv
er,
how
eve
r,
doe
s
peri
odic
ally
affe
ct t
his
area
, as
exem
plif
ied
by 1
2 ug
/R
for
filt
ered
iron
foun
d in
July
1974
.
Iron
, c
oppe
r,
and
nick
el h
ave
high
aver
age
valu
eL
in
spri
ng
(W3,
W4,
and
W8
ug/
X,
res
pec
tiv
ely
),
but
con
cen
tra
tio
ns
dec
rea
se
rapidly to the 1—3 ug/l level by June. The high spring values may be related
to h
igh
load
s c
arri
ed d
urin
g sp
ring
runo
ff b
y ri
vers
flow
ing
into
the
Nort
h
Channel.
In Georgian Bay, cadmium, cobalt, chromium, and selenium were found at or
belo
w th
e an
alyt
ical
dete
ctio
n li
mit.
Iron
and
zinc
are
pres
ent
at l
ow b
ut
measurable levels; the concentrations of lead and manganese are 0.2-0.3 Ug/l.
The
only
exce
ptio
ns
to t
hese
valu
es
are
foun
d at
the
mout
h of
the
Fren
ch R
iver
and
alon
g th
e ad
jace
nt
shor
elin
e.
Here
, va
lues
of c
oppe
r re
ach
8 ug
/R a
nd
nick
el 5
pg/R
in t
he s
urfa
ce w
ater
in t
he s
prin
g.
The
rest
rict
ion
of e
leva
ted
copp
er a
nd n
icke
l c
once
ntra
tion
s to
thes
e re
gion
s is
perh
aps
expl
aine
d by
the
fact
that
thes
e ar
e th
e on
ly a
reas
of G
eorg
ian
Bay
wher
e th
e wa
ters
heds
lie
with
in t
he a
tmos
pher
ic
fall
out
zone
of S
udbu
ry.
As
in t
he N
orth
Chan
nel,
the
summer values are lower than the spring values.
The
merc
ury
conc
entr
atio
n in
Geor
gian
Bay
aver
ages
abou
t 0.
15 p
g/Q
in
the
sur
fac
e w
ate
r a
nd
0.0
4 u
g/£
in
the
hyp
oli
mni
on.
In
the
wat
ers
aro
und
the
Fren
ch
Riv
er,
the
sur
fac
e m
erc
ury
con
cen
tra
tio
n i
s N
o.4
ug/
£ a
nd
the
hyp
o—
limnion is 0.04—0.l ug/R.
FISH
Tra
ce
met
al
con
cen
tra
tio
ns
in
Lak
e H
uro
n f
ish
wer
e g
ene
ral
ly
low
for
all
area
s an
d fo
r al
l s
peci
es.
The
sole
inst
ance
of c
once
ntra
tion
s h
ighe
r th
an a
n
exis
ting
guid
elin
e wa
s me
rcur
y fo
und
in t
he e
dibl
e po
rtio
n of
wall
eye
from
Nottawasaga Bay; the mean concentration was 0.57 mg/kg and the guideline is
0.5
mg/
kg.
Mea
n l
eve
ls
in
pik
e f
rom
Dou
gla
s P
oin
t a
nd
Ser
pen
t R
ive
r (
bot
h
0.40
mg/k
g) a
s we
ll a
s wa
lley
e fr
om M
idla
nd—P
enet
ang
(0.4
6 mg
/kg)
appr
oach
ed
but did not exceed the guideline.
In
U.S
. w
ate
rs,
mer
cur
y i
n y
ell
ow
per
ch
fro
m H
amm
ond
Bay
, H
arb
or
Bea
ch,
and L
exing
ton w
as a
t mea
n co
ncent
ratio
ns of
0.31,
0.34,
and
0.33
mg/kg
, re
spec—
tive
ly.
The
maxi
mum
merc
ury
valu
e wa
s 0
.49
mg/k
g r
ecor
ded
in a
yell
ow p
erch
from
Ham
mon
d B
ay.
No
ele
vat
ed
mer
cur
y l
eve
ls
wer
e f
oun
d i
n f
ish
fro
m t
he
ope
n
waters of Lake Huron (13, 15, 16); see also Chapter 5.6.
Bl
oa
te
r
ch
ub
s
in
op
en
wa
te
rs
of
La
ke
Hu
ro
n
ha
d
ar
se
ni
c
co
nc
en
tr
at
io
ns
of
1.72
to 2
.26
mg/k
g.
Alth
ough
high
er t
han
in f
ish
from
othe
r ar
eas,
this
does
not
exc
eed
the
Can
ada
hea
lth
pro
tec
tio
n g
uid
eli
ne
of
5 m
g/k
g;
no
sou
rce
s h
ave
been identified (16).
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SEDIMENTS
Tr
ac
e
me
ta
l
co
nt
am
in
at
io
n
in
se
di
me
nt
s
is
ge
ne
ra
ll
y
li
mi
te
d
to
lo
ca
li
ze
d
ne
ar
sh
or
e
an
d
tr
ib
ut
ar
y
ar
ea
s.
In
th
e
ma
in
bo
dy
of
La
ke
Hu
ro
n,
th
e
tr
ac
e
me
ta
ls
ar
e
us
ua
ll
y
as
so
ci
at
ed
wi
th
th
e
fi
ne
r—
gr
ai
ne
d
se
di
me
nt
s.
In
th
e
Sa
gi
na
w
de
po
si
ti
on
al
ba
si
n,
en
ri
ch
me
nt
of
me
rc
ur
y,
le
ad
,
co
pp
er
,
ni
ck
el
,
an
d
ca
dm
iu
m
ca
n
be
ob
se
rv
ed
,
re
fl
ec
ti
ng
th
e
po
in
t
so
ur
ce
di
sc
ha
rg
es
in
th
e
Sa
gi
na
w
Ri
ve
r
Ba
si
n
an
d
tr
an
sp
or
t
fr
om
Sa
gi
na
w
Ba
y.
Hi
gh
er
co
nc
en
tr
at
io
ns
of
zi
nc
,
ch
ro
mi
um
,
an
d
po
ss
ib
ly
ar
se
ni
c
ca
n
be
fo
un
d
so
ut
h
of
Ma
ni
to
ul
in
Is
la
nd
.
In
ge
ne
ra
l,
th
e
de
gr
ee
of
en
ri
ch
me
nt
is
gr
ea
te
r
in
th
e
SO
ut
he
rn
th
an
in
th
e
no
rt
he
rn
pa
rt
s
of
th
e
ma
in
bo
dy
of
La
ke
Hu
ro
n.
Th
e
en
ri
ch
me
nt
is
,
to
a
la
rg
e
ex
te
nt
,
fr
om
an
th
ro
po
ge
ni
c
so
ur
ce
s.
In
Ge
or
gi
an
Ba
y,
me
rc
ur
y
co
nc
en
tr
at
io
ns
in
se
di
me
nt
s
ar
e
ge
ne
ra
ll
y
lo
w
(<
lO
O
ug
/k
g)
.
Ho
we
ve
r,
in
No
tt
aw
as
ag
a
Ba
y,
of
f
th
e
ea
st
er
n
sh
or
e
of
th
e
Br
uc
e
Pe
ni
ns
ul
a,
an
d
of
fs
ho
re
fr
om
Mi
dl
an
d,
hi
gh
er
co
nc
en
tr
at
io
ns
ar
e
fo
un
d
wh
ic
h
ca
nn
ot
be
re
la
te
d
to
a
sp
ec
if
ic
so
ur
ce
an
d
ma
y
be
re
la
te
d
to
na
tu
ra
l
sp
ha
le
ri
te
mi
ne
ra
li
za
ti
on
in
th
e
li
me
st
on
es
of
th
e
re
gi
on
wh
ic
h
ar
e
al
so
as
so
ci
at
ed
wi
th
el
ev
at
ed
co
nc
en
tr
at
io
ns
of
zi
nc
,
ni
ck
el
,
ch
ro
mi
um
,
an
d
ar
se
ni
c.
In
th
e
No
rt
h
Ch
an
ne
l,
on
ly
mi
no
r
an
om
al
ie
s
ar
e
ob
se
rv
ed
.
Th
es
e
ma
y
be
re
la
te
d
to
wa
te
rs
he
d
so
ur
ce
s
to
th
e
no
rt
h
of
th
e
ch
an
ne
l.
Th
e
se
di
me
nt
s
in
th
e
St
.
Ma
ry
s
Ri
ve
r
ha
ve
hi
gh
le
ve
ls
of
zi
nc
an
d
ir
on
,
es
pe
ci
al
ly
on
th
e
On
ta
ri
o
sid
e.
Th
e
so
ur
ce
s
ar
e
th
e
Al
go
ma
St
ee
l
Co
mp
an
y
an
d
th
e
Sa
ul
t
St
e.
Ma
ri
e,
On
ta
ri
o
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
t.
Ir
on
co
nc
en
tr
at
io
ns
in
su
rf
ic
ia
l
se
di
me
nt
s
av
er
ag
ed
35
%
on
dr
y
we
ig
ht
ba
si
s
fo
r
th
e
fi
rs
t
3
km
do
wn
st
re
am
fr
om
the
Al
go
ma
St
ee
l
ou
tf
al
l,
bu
t
de
cr
ea
se
d
ra
pi
dl
y
to
3.
5%
at
th
e
be
gi
nn
in
g
of
Li
tt
le
La
ke
Ge
or
ge
;
th
e
U.S
.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(EP
A)
gui
del
ine
for
hea
vil
y
pol
lut
ed
dre
dge
spo
il
is
2.5
%.
Zin
c
lev
els
in
se
di
me
nt
s
fo
r
2 k
m
do
wn
st
re
am
fr
om
th
e
Al
go
ma
ou
tf
al
l
ra
ng
e
fr
om
60
—2
00
mg
/k
g,
whi
ch
is
in
the
ran
ge
of
the
U.S
.
EPA
gui
del
ine
for
mod
era
tel
y
pol
lut
ed
spo
il
(90
—20
0
mg/
kg)
.
Zin
c
lev
els
in
the
Alg
oma
sli
p
and
in
emb
aym
ent
s
at
the
beg
inn
ing
of
the
Lak
e G
eor
ge
Cha
nne
l w
ere
hig
h;
lev
els
ave
rag
ed
375
mg/
kg
and
wer
e
as
hig
h a
s
500
mg/
kg.
Mod
era
tel
y
hig
h
lev
els
of
iro
n a
nd
zin
c
wer
e
fou
nd
in
the
sed
ime
nts
on
the
U.S
.
sid
e o
f t
he
riv
er,
sug
ges
tin
g p
oss
ibl
e t
ran
sbo
und
ary
mov
eme
nt
of
con
tam
ina
nts
.
The
ben
thi
c m
acr
oin
ver
teb
rat
e c
omm
uni
ty
dow
nst
rea
m
fro
m t
he
dis
cha
rge
s a
ppe
are
d s
eve
rel
y d
isr
upt
ed,
ind
ica
tin
g a
dir
ect
tox
ici
ty
fro
m i
ron
, z
inc
, c
yan
ide
, a
nd
phe
nol
ic
com
pou
nds
fou
nd
acc
umu
lat
ing
in
the
sed
ime
nts
.
No
abn
orm
al
con
dit
ion
s w
ere
det
ect
ed
in
the
ben
thi
c f
aun
a o
n t
he
U.S. side of the border (17).
Nea
rsh
ore
sed
ime
nts
of
Can
adi
an
wat
ers
of
Lak
e H
uro
n s
how
ed
loc
ali
zed
cont
amin
atio
n wi
th l
ead,
nick
el,
and
zinc
. M
ean
lead
conc
entr
atio
ns h
ighe
r
than the U.S. EPA guideline for heavily polluted sediment were found at
Tobermory, Owen Sound, and Collingwood Harbour (Table 4.1—6); individual
values in excess of this guideline were also recorded at Goderich, Midland,
Parry Sound Harbour, the North Channel, Spanish Harbour, and Serpent Harbour.
The lead in surface sediments in Collingwood Harbour (mean = 162 mg/kg,
maximum = 274 mg/kg) can be related to local shipbuilding Operations, as can
the elevated levels of zinc and cadmium. Elevated zinc concentrations were
also found in the sediments at Penetang, Midland, Parry Sound Harbour, and
Owen Sound.
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Metal concentrations are elevated in the sediments of Serpent Harbour,
Span
ish
Harb
our,
and
the
near
shor
e ar
ea o
f th
e No
rth
Chan
nel
(Tab
le 4
.1—6
).
For
exam
ple,
nick
el l
evel
s av
erag
ed
104
mg/k
g in
Serp
ent
Harb
our
and
110
mg/k
g
alo
ng
the
nea
rsh
ore
are
a.
The
se
ele
vat
ion
s s
ugg
est
the
inf
lue
nce
of
min
ing
activity and mineralization in the adjoining drainage basin.
On the Michigan side of Lake Huron, the nearshore sediments were character-
ized
by lo
w lev
els
of he
avy
metal
s (T
able
4.1-6
).
Howev
er,
sedim
ent
at Ch
eboy-
gan,
Harb
or B
each
, a
nd
Sagi
naw
Bay
canb
e cl
assi
fied
as m
oder
atel
y po
llut
ed
acco
rdin
g to
the
U.S.
EPA
guid
elin
e be
caus
e of
the
elev
ated
zinc
conc
entr
atio
ns.
Iron
and
chro
mium
were
also
elev
ated
in H
arbo
r Be
ach
sedi
ment
s an
d le
ad w
as
elevated in Saginaw Bay sediments.
CONCLUSIONS
Violations of trace metal concentration guidelines are found for water,
fish, and sediments in Lake Huron. To prevent future problems, the amount of
metals entering the lake should not be allowed to increase. In addition,
localized improvements in abatement programs will have to be instituted,
especially in the case of Algoma Steel to control the input of iron and zinc.
Elevated levels found in sediments in certain locations offshore are
believed to be partially the result of natural processes and partially from
anthropogenic sources.
Fish caught in some nearshore areas have mercury concentrations that
approach the 0.5 mg/kg guideline. The high levels of arsenic in Lake Huron
chubs should be investigated as no source has been found.
Some tributaries and harbours have high trace metal concentrations in
water. The Saginaw River and the French River are special areas of concern.
For industry in the Saginaw Bay area, control programs have been implemented.
In the case of the French River, the input of trace metals is probably via
atmospheric transport from Sudbury. 'This input should be quantified and
maximum possible reductions be made as soon as possible.
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@ﬂﬂﬂﬂﬂlﬂ IIIINHIMINANIS
RE
VI
EW
OF
PO
TE
NT
IA
L
PR
OB
LE
MS
Org
ani
c p
oll
uta
nts
may
con
sti
tut
e t
he
mos
t w
ide
spr
ead
was
te
loa
din
gs
int
o
the
wa
te
rs
of
La
ke
Hu
ro
n.
Th
er
e
ar
e
es
se
nt
ia
ll
y
th
re
e
ca
te
go
ri
es
of
or
ga
ni
c
con
tam
ina
nts
.
The
fir
st
gro
upi
ng
con
sis
ts
of
tho
se
org
ani
c c
omp
oun
ds
tha
t
rea
dil
y d
egr
ade
bio
log
ica
lly
or
che
mic
all
y.
Vis
ual
per
tur
bat
ion
s a
re
gen
era
lly
det
ect
ed
aft
er
deg
rad
ati
on
bec
aus
e o
f s
lud
ge
dep
osi
tio
n a
nd
red
uce
d o
xyg
en
lev
els
wit
h s
ubs
equ
ent
suf
foc
ati
on
of
som
e f
orm
s o
f a
qua
tic
lif
e
(1,
2).
The
se
rea
cti
ons
can
als
o r
esu
lt
in
the
dir
ect
mob
ili
zat
ion
of
met
als
by
com
ple
xat
ion
(3)
, c
onv
ers
ion
of
ino
rga
nic
for
ms
of
met
als
to
met
hyl
and
dim
eth
yl
com
ple
xes
(4—
6),
and
pH
and
E
cha
nge
s i
n s
edi
men
t w
hic
h m
ay
mob
ili
ze
met
als
,
esp
eci
all
y
manganese (7) and iron (12).
The
sec
ond
cat
ego
ry
of
org
ani
c c
ont
ami
nan
ts
is
com
pri
sed
of
les
s r
ead
ily
deg
rad
ed
org
ani
c c
omp
oun
ds
whi
ch
may
be
dir
ect
ly
tox
ic
to
aqu
ati
c l
ife
and
to
con
sum
ers
of
aqu
ati
c l
ife
, w
hic
h m
ay
be
bio
con
cen
tra
ted
to
tox
ic
lev
els
, o
r
whi
ch
may
be
met
abo
liz
ed
to
a m
ore
tox
ic
for
m a
nd
sto
red
in
hig
her
org
ani
sms
.
An
exc
ell
ent
exa
mpl
e o
f s
uch
com
pou
nds
is
PCB
's
whi
ch
not
onl
y d
ire
ctl
y b
io—
con
cen
tra
te
to
tox
ic
lev
els
but
are
als
o m
eta
bol
ize
d t
o t
he
mor
e
tox
ic
hyd
rox
y
PCB's (13).
The
thi
rd
cat
ego
ry
con
sis
ts
of
the
man
y o
rga
nic
com
pou
nds
tha
t c
an
cau
se
tast
e a
nd
odo
ur
pro
ble
ms
in
dom
est
ic
wat
er
sup
pli
es
or
tai
nt
the
fle
sh
of
foo
d
fish
es.
The
bes
t k
now
n a
re
phe
nol
s (
l).
Phe
nol
s c
an
als
o c
omb
ine
wit
h
chl
ori
ne
dur
ing
dis
inf
ect
ion
and
ble
ach
ing
pro
ces
ses
to
pro
duc
e c
hlo
ro—
com
pou
nds
(8)
wit
h m
ark
edl
y d
iff
ere
nt
pro
per
tie
s:
gen
era
lly
mor
e t
oxi
c a
nd
sus
cep
tib
le
to b
ioa
ccu
mul
ati
on,
mor
e p
ers
ist
ent
in
the
aqu
ati
c e
cos
yst
em
(9),
and
wit
h
strong odours or taste (9).
Ide
nti
fic
ati
on
of
ind
ivi
dua
l o
rga
nic
com
pou
nds
is
dif
fic
ult
in
env
iro
n—
men
tal
sam
ple
s,
and
cur
ren
tly
the
sta
te
of
the
art
is
dev
elo
pin
g.
In
add
iti
on,
com
par
iso
n o
f d
ata
obt
ain
ed
fro
m a
ir,
wat
er,
sed
ime
nts
, a
nd
bio
ta
is
oft
en
difficult.
The
ana
lyt
ica
l
met
hod
olo
gy
emp
loy
ed
for
all
stu
die
s
was
bas
ed
on
ext
rac
—
tion
of n
on-i
onic
comp
ound
s.
Howe
ver,
the
larg
est
grou
p of
pote
ntia
l or
gani
c
cont
amin
ants
are
ioni
c,
as a
re m
any
meta
boli
tes;
thes
e we
re p
roce
dura
lly
excl
uded
from
anal
ysis
. A
n ex
ampl
e of
this
clas
s of
comp
ound
s is
pent
achl
oro—
phen
ol w
hich
is w
idel
y us
ed
for
pres
ervi
ng w
ood,
espe
cial
ly i
n aq
uati
c e
nvir
on—
ments.
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m
k
e
x
ﬂ
‘
;
y
-
P
r
r
z
r
z
~
g
w
n
:
w
ﬂ
~
.
1
:
.
.
.
5
In
pu
ts
to
La
ke
Hu
ro
n
vi
a
at
mo
sp
he
ri
c
pr
ec
ip
it
at
io
n
(r
ai
nf
al
l
an
d
sn
ow
)
an
d
du
st
fa
ll
we
re
no
t
me
as
ur
ed
fo
r
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
.
Ho
we
ve
r,
a
wi
de
ra
ng
e
of
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
,
in
cl
ud
in
g
PC
B'
s,
th
e
a
an
d
Y
is
om
er
s
of
li
nd
an
e,
DD
T
an
d
it
s
me
ta
bo
li
te
s,
he
xa
ch
lo
ro
be
nz
en
e,
me
th
ox
yc
hl
or
,
ch
lo
rd
an
e,
en
do
su
lf
an
,
an
d
di
el
dr
in
ha
s
be
en
de
te
ct
ed
in
at
mo
sp
he
ri
c
pr
ec
ip
-
it
at
io
n
in
ot
he
r
ar
ea
s
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n
(1
0,
38
,
39
).
Hi
gh
ly
st
ab
le
or
ga
ni
c
co
mp
ou
nd
s
ar
e
sp
re
ad
th
ro
ug
ho
ut
th
e
ec
os
ys
te
m.
Li
tt
le
is
kn
ow
n
ab
ou
t
th
e
ch
em
ic
al
an
d
bi
ol
og
ic
al
cy
cl
in
g
an
d
fa
te
of
th
es
e
co
mp
ou
nd
s.
Th
is
is
pa
rt
ic
ul
ar
ly
im
po
rt
an
t
be
ca
us
e
of
th
e
sp
ec
if
ic
ch
ar
ac
te
r—
is
ti
cs
of
La
ke
Hu
ro
n,
in
cl
ud
in
g
it
s
lo
ng
re
te
nt
io
n
ti
me
,
th
e
fa
ct
th
at
it
re
ce
iv
es
in
pu
ts
fr
om
La
ke
s
Su
pe
ri
or
an
d
Mi
ch
ig
an
,
an
d
th
e
fa
ct
th
at
th
e
wa
te
r
fr
om
th
is
la
ke
fl
ow
s
in
to
th
e
Lo
we
r
La
ke
s.
Th
e
di
sc
us
si
on
be
lo
w
fo
r
sp
ec
if
ic
co
nt
am
in
an
ts
is
ba
se
d
on
ma
te
ri
al
pr
es
en
te
d
in
Ch
ap
te
r
4
(n
ea
rs
ho
re
ch
ar
ac
te
ri
st
ic
s)
an
d
in
Ch
ap
te
r
5.
6
(o
pe
n
wa
te
r
fi
sh
er
ie
s)
,
in
ad
di
ti
on
to
th
e
re
fe
re
nc
es
ci
te
d.
Th
es
e
da
ta
un
eq
ui
v—
oc
al
ly
de
mo
ns
tr
at
e
th
e
wi
de
sp
re
ad
oc
cu
rr
en
ce
of
a
la
rg
e
nu
mb
er
of
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
an
d
th
e
ma
gn
it
ud
e
of
th
e
pr
ob
le
m
as
so
ci
at
ed
wi
th
th
es
e
compounds.
SPECIFIC CONTAMINANTS
PO
LY
CH
LO
RI
NA
TE
D
BI
PH
EN
YL
S
PCB
's
hav
e b
een
rec
ogn
ize
d
as
wid
esp
rea
d
and
hig
hly
per
sis
ten
t
org
ani
c
con
tam
ina
nts
for
som
e y
ear
s.
The
ir
res
ist
anc
e
to
deg
rad
ati
on
and
lip
oph
ili
c
nat
ure
lea
ds
to
the
ir
bio
acc
umu
lat
ion
and
,
acc
ord
ing
ly,
the
y h
ave
bee
n o
bse
rve
d
in
man
y f
orm
s o
f b
iot
a,
inc
lud
ing
man
.
PCB
's
fro
m t
he
atm
osp
her
e
are
fou
nd
ads
orb
ed
ont
o p
art
icu
lat
e m
att
er,
in
sno
w,
and
in
rai
n (
38,
39)
.
PCB
's
pre
sen
t
in
wat
er
acc
umu
lat
e i
n s
usp
end
ed
mat
ter
and
bio
ta
and
are
eit
her
pre
cip
ita
ted
wit
h s
edi
men
ts
or
wil
l e
nte
r t
he
foo
d c
hai
n.
Dir
ect
tox
ic
eff
ect
s t
o a
qua
tic
ani
mal
s,
min
k,
bird
s,
mon
key
s,
and
man
hav
e b
een
not
ed
(11)
.
Bec
aus
e o
f t
hei
r
wid
esp
rea
d o
ccu
rre
nce
, p
ers
ist
enc
e,
bio
acc
umu
lat
ion
, a
nd
tox
ico
log
ica
l s
ign
ifi
-
can
ce,
U.S.
and
Can
adi
an
age
nci
es
hav
e d
eve
lop
ed
obj
ect
ive
s a
nd
gui
del
ine
s f
or
max
imu
m P
CB
lev
els
in
wat
er,
food
, a
nd
bio
ta
for
the
pro
tec
tio
n o
f e
cos
yst
ems
and
of
man
him
sel
f.
The
cur
ren
t g
uid
eli
ne
lev
els
are
giv
en
in
App
end
ix
C.
In
add
iti
on,
the
Wat
er
Qua
lit
y O
bje
cti
ves
Sub
com
mit
tee
of
the
Wat
er
Qua
lit
y B
oar
d
has
repo
rted
(27)
that
PCB'
s in
wate
r s
houl
d no
t ex
ceed
1 ng
/R b
ut t
his
leve
l
may
not
be a
dequ
ate
to p
rovi
de p
rote
ctio
n to
cert
ain
pred
ator
s a
nd c
an n
ot b
e
enforced because of insufficiently sensitive quantification limits.
WATER AND SESTON
PCB's were not detected in the waters of Lake Huron at the detection
limit (%10 ng/R) except in Saginaw Bay. Concentrations at the Saginaw River
mouth were W90 ng/R, decreased to W20 ng/l in the inner bay, and to <10 ng/R
in the outer bay (Table 4.2—5). Seston was found to contain between 4.9 and
8.1 mg/kg of PCB's at three locations in southern Lake Huron (25); similar
residues were observed in Georgian Bay near Collingwood and off the mouth of
the Moon River. All other seston samples showed PCB contamination in the
order of 1 mg/kg.
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FISH
PCB
cont
amin
atio
n is
obse
rved
lake
wide
in L
ake
Huro
n fi
shes
.
All
spec
ies
exa
min
ed
had
PCB
res
idu
es
wit
h t
he
hig
hes
t l
eve
l o
bse
rve
d i
n l
arg
e s
ize
pre
da—
tors
, i
nclu
ding
rain
bow
trou
t,
wall
eye,
and
nort
hern
pike
.
In a
ddit
ion,
PCB
con
cen
tra
tio
ns
mea
sur
ed
in
edi
ble
por
tio
ns
of
per
ch
app
ear
to
be
hig
her
in
the
so
ut
he
rn
pa
rt
of
La
ke
Hu
ro
n.
In the open water fish program, whole fish were analyzed. PCB levels
were
high
est
in b
loat
er c
hub
from
Alpe
na
(2.6
1 mg
/kg)
and
in b
urbo
t f
rom
the
Stra
its
of M
acki
nac
(2.3
5 mg
/kg)
.
In s
limy
scul
pins
, me
an l
ocat
ion
conc
entr
a-
tions ranged from 0.52 to 0.81 mg/kg.
A survey on fish from Saginaw Bay indicated approximate PCB residue means *@3
of 0.2 mg/kg in yellow perch, 0.6 mg/kg in suckers, and up to 4.3 mg/kg in "
edible portions of carp more than 2.5 kg in weight (15). Large brown trout
had PCB residues of 1.9 mg/kg; samples of the same species with weights <2.5
kg, taken from the northern part of Lake Huron, hadPCB residues of ml.1
mg/kg. The edible portion of Chinook salmon from Alpena contained an average
PCB concentration of 2.31 mg/kg; brown trout from Hammond Bay and from Alpena
had average PCB concentrations of 1.13 and 1.10 mg/kg, respectively.
In Ontario nearshore waters, the highest mean location PCB concentrations
were found in rainbow trout from Douglas Point (2.18 mg/kg) and Goderich (1.94
mg/kg) (Table 4.1—15) (16). Rainbow trout from Nottawasaga averaged 1.21
mg/kg in edible portions. A direct relationship between weight of rainbow
trout and concentration of PCB residues was observed. White suckers from
Georgian Bay had PCB residues from 0.3 to 1.2 mg/kg and yellow perch had a
mean of 0.2 mg/kg. Both white sucker and yellow perch from the North Channel
area showed mean PCB concentrations of approximately 0.1 mg/kg (16).
The mean concentrations of PCB's in several fish species from several
locations approach or exceed the Canada health protection guideline of 2.0
mg/kg and the U.S. Food and Drug Administration (FDA) guideline of 5.0 mg/kg
for edible portions of fish. In addition, individual rainbow trout from
Goderich, Owen Sound, Thornbury, and Nottawasaga Bay contain PCB's which
exceed the 2.0 mg/kg Canadian guideline. This is particularly evident in
larger, older fish. Practically all fish contain PCB concentrations in excess
of the 0.1 mg/kg proposed Agreement objective for PCB's in whole fish. Much
of the available data are given as residues in edible portions of fish and,
because of the strong association of PCB's with adipose tissues in inedible
portions of fish, the actual total body burdens should be considered as even
higher.
 
SEDIMENTS
Detectable amounts of PCB's were found in sediments from the Ausable
River (Ontario) mouth and at Bayfield (36 to 94 ug/kg). Levels in Georgian
Bay sediments ranged from less than the detection limit to 900 ug/kg; concentra—
tions >100 ug/kg were found in Owen Sound and in Collingwood Harbour (Table
4.1—7). Some of the sediments in the North Channel contained trace amounts of
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c
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b
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b
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b
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C
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0.
00
1
to
0.
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ra
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 FISH
The average lake—wide concentration of DDT in large, whole bloater chubs
collected as part of the open water program was 2.85 mg/kg with the highest M
values occurring at Alpena (4.37 mg/kg) and the Straits of Mackinac (3.52 5
mg/kg) (Table 5.6—6). The highest values in burbot (1.77 mg/kg) were recorded
at the Straits of Mackinac (Table 5.6—7). Values for slimy sculpin were
relatively uniform across Lake Huron, ranging from 0.60 to 0.76 mg/kg (Table
5.6—5). A limited sampling program in the mid—1960's showed that bloater chub
from Lake Huron contained 3.6 mg/kg of DDT (20).
DDT was generally detectable in the edible portions of all fish from
nearshore waters (Table 4.1—15). Mean location concentrations in Michigan
waters of Lake Huron were all >0.2 mg/kg for the salmonids; the highest location u
mean was 0.97 mg/kg in Chinook salmon from Alpena. The maximum location mean if
in Ontario nearshore waters was 0.723 mg/kg for white suckers from Nottawasaga ”
Bay.
The Canada and the U.S. health protection guideline for DDT in the edible
portions of fish is 5 mg/kg; the proposed Agreement objective is 1.0 mg/kg for
whole fish. Thus, virtually all of the fish from Lake Huron are within the
current health protection guidelines but many species of fish, especially
whole fish from the open waters, exceed the proposed Agreement objective.
Although only fillets of other fish such as trout and salmon were analyzed, it
appears probable that some of these species may also exceed the proposed
Agreement objective if whole fish were analyzed.
Comparison of average DDT levels in bloater chubs, sculpins, rainbow
trout, Whitefish, walleye, yellow perch, and northern pike taken from Lake I
Superior and Lake Huron suggest that DDT levels are as high or higher in Lake “a
Huron than in Lake Superior. '
SEDIMENT
Small amounts of DDT and/or its metabolites were detected in the sediments
from several locations in Lake Huron, including Tobermory, Owen Sound, Colling-
wood, Penetang, Midland, the Spanish River mouth, Serpent Harbour, Harrisville
(3.0 ug/kg), Presque Isle (16.3 ug/kg), Alpena (3.9 to 30.7 ug/kg), and Cheboy-
gan (7.2 ug/kg).
SOURCES
DDT levels cangenerally be attributed to past agricultural uses. Levels
present at the Spanish River mouth and in Serpent Harbour are derived from
past usage for control of black flies. If continued sources of this compound
are causing the residue levels to remain high, then monitoring, including V
atmospheric sampling, should be continued to locate and possibly eliminate the i
contamination. Possibly the chemistry of the water mass itself is responsible
for the detection of isomers of DDT, particularly DDE, in the system.
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Because elevated levels have been
found in whole fish from Lake Huron and
because of the persistence of this compound at concentrations equal to or
greater than levels reported in 1967—68, additional monitoring of tissue
burdens is needed.
The effects of this compound on the ecosystem have not
been assessed and should be studied.
HEXACHLOROBENZENE
Hexachlorobenzene was found in burbot
(whole fish)
from the Straits of
Mackinac and from Goderich in the concentration range of 0.01 to 0.5 ug/g
(Table 5.6—9) (22).
Analyses in water and effluents were not performed or
were reported as less than detection limits depending upon the methodology
employed.
No safe levels have been established
in water or tissue
for this compound;
however, no significant bioactivity is known.
Uses include the conversion to
pentachlorophenol, a universally accepted wood preservative, as a fungicide,
and in the manufacture of rubber for tires and other chemicals (24).
The ecological significance of this widespread non—degradable compound
should be determined.
Concentrations in effluents, water, biota and the
atmosphere should be monitored to determine sources and possible effects on
aquatic life.
Safe levels should be established in food containing this
compound, since its presence is now known but the associated hazard is not.
LINDANE
The Y—isomer of lindane is the active component in hexachlorocyclohexane.
Low levels (0.01—0.04 mg/kg) have been found in whole fish from Lake Huron but
'“w
well below the proposed Agreement objective of 0.3 mg/kg for lindane in edible
portions of fish.
In addition, trace amounts (up to 0.005 ug/R) of lindane
were found in every water sample examined (25).
The proposed Agreement objec—
tive for lindane in water is 0.01 ug/ﬂ.
Lindane has also been detected in
precipitation samples collected in the Great Lakes Basin (39).
Because of the extreme persistence of this compound and its continued
use, monitoring concentrations in fish and fish—consuming animals is needed.
The ecological effects of lindane are unstudied in Lake Huron and effort
ShOuld be made to determine the significance of widespread observations of
trace levels.
 
CHLORDANE
Technical grade chlordane is a mixture of different compounds of which
the a— and Y—isomers represent NZOZ each.
These two isomers, both persistent,
are reported frequently as "chlordane," either separately or collectively, in
environmental samples together with smaller amounts of nonachlor isomers and
the metabOlite oxychlordane. The use of this preparation is now suspended in
the United States although,it is permitted for limited agricultural use in
Canada.
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ub
s
fr
om
th
e
St
ra
it
s
of
Ma
ck
in
ac
an
d
fr
om
Go
de
ri
ch
ha
ve
av
er
ag
e
co
nc
en
tr
at
io
ns
of
0.
30
an
d
0.
49
ug
/g
,
re
sp
ec
ti
ve
ly
.
No
na
ch
lo
r
is
om
er
s
we
re
al
so
no
te
d
in
bo
th
bu
rb
ot
an
d
bl
oa
te
r
ch
ub
an
d
ox
yc
hl
or
da
ne
in
bu
rb
ot
fr
om
th
e
St
ra
it
s
of
Ma
ck
in
ac
.
Si
nc
e
no
ob
je
ct
iv
e
to
pr
ot
ec
t
co
ns
um
er
s
of
fi
sh
an
d
aq
ua
ti
c
li
fe
ha
s
be
en
pr
op
os
ed
,
it
ca
nn
ot
be
co
nc
lu
de
d
wh
et
he
r
a
pr
ob
le
m
ex
is
ts
or
no
t.
Th
e
ob
se
rv
ed
le
ve
ls
ar
e
of
co
nc
er
n
an
d
so
ur
ce
s,
pa
rt
ic
ul
ar
ly
in
th
e
so
ut
he
rn
pa
rt
of
th
e
la
ke
,
mu
st
be
id
en
ti
fi
ed
.
Wo
rk
is
re
qu
ir
ed
to
de
li
ne
at
e
th
e
ex
te
nt
of
ae
ri
al
deposition.
METHOXYCHLOR
Me
th
ox
yc
hl
or
is
us
ed
fo
r
th
e
co
nt
ro
l
of
ag
ri
cu
lt
ur
al
pe
st
s
an
d
of
bi
ti
ng
in
se
ct
s.
Th
is
co
mp
ou
nd
ma
y
be
lo
st
to
th
e
en
vi
ro
nm
en
t
by
vo
la
ti
li
za
ti
on
an
d
ha
s
be
en
de
te
ct
ed
in
pr
ec
ip
it
at
io
n
(3
9)
;
it
do
es
no
t
re
ad
il
y
le
ac
h
fr
om
so
il
s
(3
0)
.
Th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
is
0.
04
0
ug
/£
fo
r
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
.
Th
is
le
ve
l
ha
s
no
t
be
en
re
ac
he
d
in
La
ke
Hu
ro
n
po
ss
ib
ly
as
a
re
su
lt
of
de
gr
ad
at
io
n
to
le
ss
pe
rs
is
te
nt
me
ta
bo
li
te
s
an
d
lo
ss
to
th
e
se
di
me
nt
s.
Me
th
ox
yc
hl
or
ha
s
be
en
lo
ok
ed
for
(25
)
bu
t
no
t f
ou
nd
in
an
y
of
th
e
wa
te
r,
se
st
on
,
or
se
di
me
nt
sa
mp
le
s
(q
ua
nt
if
ic
at
io
n
li
mi
ts
0.
01
ug
/R
,
wl
mg
/k
g,
an
d
0.
01
mg
/k
g,
re
sp
ec
ti
ve
ly
)
in
La
ke
Hur
on
.
Ex
am
in
at
io
n
of
fi
sh
sa
mp
le
s
(f
il
le
t
po
rt
io
ns
)
of
th
e
Up
pe
r
La
ke
s
ha
s
be
en
ma
de
fo
r
me
th
ox
yc
hl
or
(33
),
bu
t
it
wa
s
no
t
de
te
ct
ed
at
le
ve
ls
ab
ov
e
2 u
g/
kg
.
It
is,
th
er
ef
or
e,
no
t
co
ns
id
er
ed
to
be
a
pr
ob
le
m
in
th
is
ar
ea
.
In
of
fs
ho
re
fi
sh
of
bo
th
la
ke
s,
<5
0
ug
/k
g
wa
s
fo
un
d
in all samples (whole fish).
Con
tin
ued
mon
ito
rin
g
in
wat
er,
fis
h,
and
the
atm
osp
her
e
is
nee
ded
as
usa
ge
of
thi
s m
ate
ria
l
inc
rea
ses
,
esp
eci
all
y
in
hig
h
app
lic
ati
on
are
as.
PO
LY
NU
CL
EA
R
AR
OM
AT
IC
HY
DR
OC
AR
BO
NS
Th
e
po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
na
ph
th
al
en
e,
me
th
yl
na
ph
th
al
en
e,
ph
en
an
th
re
ne
,
an
d
me
th
yl
ph
en
an
th
re
ne
ha
ve
be
en
fo
un
d
in
th
e
ap
pr
ox
im
at
e
ra
ng
e
of
0.
01
to
0.
5
ug
/g
,
to
ta
l,
in
wh
ol
e
fi
sh
sa
mp
le
s
fr
om
bo
th
U.
S.
an
d
Ca
na
di
an
sa
mp
li
ng
st
at
io
ns
(T
ab
le
5.
6-
9)
(2
2)
.
Po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
ar
e
of
te
n
pr
es
en
t
in
in
du
st
ri
al
ef
fl
ue
nt
s
co
nt
ai
ni
ng
oi
l
an
d
gr
ea
se
.
La
rg
e
lo
ad
in
gs
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 of both oil and grease to water have been computed as a result of man's activi—
ties (18,19), and these compounds have been identified in effluents from
petroleum refining, coal processing, and coke manufacture (24). These compounds
may be accompanied by other, even less desirable polynuclear aromatic hydrocar—
bons.
No safe levels for these compounds have been determined in fish tissue
but maximum levels for the protection of aquatic life are 0.01 mg/£ total
hydrocarbons and for domestic water supply to be "virtually free" from oil and
grease. In addition, polynuclear aromatic hydrocarbons have been demonstrated
as carcinogenic in test animals at relatively high exposure levels.
This class of compounds should be measured in effluents and aquatic biota
to determine sources, and possible effects on fish-consuming animals, including
man, should be investigated. Since their presence has now been discovered in
food, safe levels should be established for human consumption.
CHLOROBENZENE COMPOUNDS
Tri-, tetra—, and pentachlorobenzene were found in burbot (whole fish)
from Goderich (Table 5.6-9) (22) in total concentrations of %0.0l to 0.5 Ug/g.
Trichlorobenzene was also detected in burbot from the Straits of Mackinac. No
safe levels have beenestablished in water or food for chlorobenzenes. Their
uses include solvents for high—melting chemicals such as dyes and insecticides
(termite preparations) and as lubricants and heat transfer media (24).
These compounds are very persistent and in view of their widespread use
and resulting fish contamination, they should be monitored to determine sources
and possible effects on aquatic life and consumers of aquatic life, including
man. Since they have beendetected in food, safe levels should be established
for human consumption.
PHENOLS
Phenol and other compounds that can cause taste and odour problems have
been measured in many effluents discharging to the lake and have been found at
levels exceeding the proposed Agreement objective (1 ug/Q) and the Ontario
criterion for water supply at Parry Sound Harbour (2 out of 13 samples were 2
and 5 ug/Q), the Spanish River mouth, and the St. Marys River. At the Spanish
River mouth, the average and maximum concentrations during a June 1974 survey
were 3 and 14 ug/R, respectively; correspondingvalues during a May 1975
survey were 1.3 and 2 Hg/Z.
The source is the Eddy ForestProducts mill at
Espanola; in 1973 the average phenol discharge was 140 kg/d. This may be
contributing to reports of fish tainting in the area.
The phenol discharge from Algoma Steel at Sault Ste. Marie averaged 200
kg/d in 1974. The average concentration 0.3 km downstream from the outfall
was 24 ug/ﬁ; this decreased to N10 ug/Q at 3.2 km downstream and persisted at
least 11 km downstream into the Lake George Channel where transboundary move-
ment of phenols is evident.’ The concentration in the St. Marys River is
augmented by the 23 kg/d discharge of phenols from Domtar Chemical via the
Sault Ste. Marie, Ontario, sewage treatment plant.
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h
o
w
e
v
e
r
,
i
f
t
h
e
y
a
r
e
p
r
e
s
e
n
t
i
n
w
a
t
e
r
d
u
r
i
n
g
t
h
e
y
m
a
y
f
o
r
m
p
o
l
y
c
h
l
o
r
i
n
a
t
e
d
c
o
m
p
o
u
n
d
s
(
8
)
.
T
h
e
s
e
c
o
m
p
o
u
n
d
s
a
r
e
m
u
c
h
l
e
s
s
d
e
g
r
a
d
a
b
l
e
,
a
r
e
t
o
x
i
c
t
o
b
a
c
t
e
r
i
a
a
n
d
o
t
h
e
r
a
q
u
a
t
i
c
l
i
f
e
,
h
a
v
e
g
r
e
a
t
e
r
p
o
t
e
n
t
i
a
l
f
o
r
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
(
9
)
,
a
n
d
a
r
e
m
o
r
e
o
b
j
e
c
t
i
o
n
a
b
l
e
i
n
t
a
s
t
e
a
n
d
o
d
o
u
r
p
r
o
d
u
c
t
i
o
n
.
T
h
e
p
o
l
y
c
h
l
o
r
i
n
a
t
e
d
c
o
m
p
o
u
n
d
s
m
a
y
f
o
r
m
c
h
l
o
r
o
a
n
i
s
o
l
e
s
d
u
e
t
o
m
e
t
h
y
l
a
t
i
n
g
a
c
t
i
o
n
o
f
s
o
m
e
b
a
c
t
e
r
i
a
;
t
h
e
s
e
c
o
m
p
o
u
n
d
s
a
r
e
d
e
t
e
c
t
a
b
l
e
i
n
w
a
t
e
r
a
n
d
f
i
s
h
f
l
e
s
h
a
t
v
e
r
y
l
o
w
l
e
v
e
l
s
(
3
6
)
.
P
h
e
n
o
l
s
a
r
e
b
i
o
d
e
g
r
a
d
a
b
l
e
;
d
i
s
i
n
f
e
c
t
i
o
n
o
r
b
l
e
a
c
h
i
n
g
p
r
o
c
e
s
s
e
s
,
P
r
o
p
e
r
t
r
e
a
t
m
e
n
t
o
f
w
a
s
t
e
s
c
o
n
t
a
i
n
i
n
g
t
h
e
s
e
c
o
m
p
o
u
n
d
s
b
e
f
o
r
e
c
h
l
o
r
i
n
a
t
i
o
n
w
i
l
l
e
l
i
m
i
n
a
t
e
b
o
t
h
t
a
s
t
e
a
n
d
o
d
o
u
r
p
r
o
b
l
e
m
s
i
n
d
o
m
e
s
t
i
c
w
a
t
e
r
s
u
p
p
l
i
e
s
a
n
d
f
i
s
h
t
a
i
n
t
i
n
g
p
r
o
b
l
e
m
s
.
B
l
e
a
c
h
i
n
g
p
r
o
c
e
s
s
e
s
u
s
i
n
g
c
h
l
o
r
i
n
e
p
o
s
e
a
s
p
e
c
i
a
l
p
r
o
b
l
e
m
.
M
o
n
i
t
o
r
i
n
g
o
f
e
f
f
l
u
e
n
t
s
f
o
r
t
h
e
p
o
l
y
c
h
l
o
r
i
n
a
t
e
d
p
h
e
n
o
l
s
a
n
d
r
e
l
a
t
e
d
c
o
m
p
o
u
n
d
s
s
h
o
u
l
d
b
e
d
o
n
e
r
o
u
t
i
n
e
l
y
.
I
n
V
i
e
w
o
f
t
h
e
m
a
g
n
i
t
u
d
e
o
f
t
h
e
w
a
s
t
e
s
w
h
i
c
h
c
o
n
t
a
i
n
p
h
e
n
o
l
s
,
a
n
a
l
y
s
i
s
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
a
n
d
t
h
e
i
r
c
h
l
o
r
i
n
a
t
e
d
d
e
r
i
—
v
a
t
i
v
e
s
i
n
f
i
s
h
f
l
e
s
h
s
h
o
u
l
d
b
e
u
n
d
e
r
t
a
k
e
n
t
o
d
e
t
e
r
m
i
n
e
t
h
e
e
x
t
e
n
t
t
o
w
h
i
c
h
t
h
e
b
i
o
t
a
m
a
y
b
e
c
o
n
t
a
m
i
n
a
t
e
d
.
P
H
T
H
A
L
A
T
E
E
S
T
E
R
S
P
h
t
h
a
l
a
t
e
e
s
t
e
r
s
a
r
e
e
x
t
e
n
s
i
v
e
l
y
e
m
p
l
o
y
e
d
a
s
p
l
a
s
t
i
c
i
z
e
r
s
i
n
p
l
a
s
t
i
c
s
m
a
n
u
f
a
c
t
u
r
i
n
g
a
n
d
p
r
o
c
e
s
s
i
n
g
.
R
e
c
e
n
t
l
y
,
p
h
t
h
a
l
a
t
e
s
h
a
v
e
b
e
e
n
d
e
t
e
c
t
e
d
i
n
m
a
n
y
i
n
d
u
s
t
r
i
a
l
a
n
d
m
u
n
i
c
i
p
a
l
d
i
s
c
h
a
r
g
e
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
a
r
a
n
g
i
n
g
a
s
h
i
g
h
a
s
1
.
2
u
g
/
l
(2
6)
.
P
h
t
h
a
l
a
t
e
s
h
a
v
e
b
e
e
n
d
e
t
e
c
t
e
d
i
n
s
e
t
t
l
e
a
b
l
e
s
o
l
i
d
s
a
t
l
e
v
e
l
s
as
h
i
g
h
as
75
u
g
/
g
(d
ry
w
e
i
g
h
t
)
.
It
is
l
i
k
e
l
y
t
h
a
t
t
h
e
s
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
a
m
i
n
i
m
u
m
l
e
v
e
l
(
e
x
c
l
u
d
i
n
g
c
o
n
t
a
m
i
n
a
t
i
o
n
)
s
i
n
c
e
p
h
t
h
a
l
a
t
e
e
s
t
e
r
s
c
a
n
o
c
c
u
r
as
c
o
n
j
u
g
a
t
e
s
(1
7)
w
h
i
c
h
a
r
e
n
o
t
l
i
k
e
l
y
to
be
e
x
t
r
a
c
t
e
d
b
y
n
o
r
m
a
l
a
n
a
l
y
t
i
c
a
l
t
e
c
h
n
i
q
u
e
s
.
T
h
e
s
e
e
s
t
e
r
s
m
a
y
b
e
r
e
a
d
i
l
y
e
l
i
m
i
n
a
t
e
d
on
e
x
p
o
s
u
r
e
to
c
l
e
a
n
wa
t
e
r
s
(1
7)
.
C
h
r
o
n
i
c
to
xi
ci
ty
c
o
n
s
i
d
e
r
a
t
i
o
n
s
(1
)
r
e
s
ul
t
e
d
in
p
r
o
p
o
s
e
d
Ag
re
em
en
t
o
b
j
e
c
t
i
ve
s
of
4.
0
ug
/
l
fo
r
di
bu
ty
l
ph
th
al
at
e,
0.
6
ug
/
l
fo
r
d
i
(
2
-
e
t
h
y
l
h
e
x
y
l
)
—
p
h
t
h
a
l
a
t
e
,
an
d
0.
2
ug
/
Q
fo
r
ot
he
r
p
h
t
h
a
l
a
t
e
es
te
rs
fo
r
th
e
p
r
o
t
e
c
t
i
o
n
of
a
q
ua
t
i
c
li
fe
;
th
es
e
le
ve
ls
ar
e
on
ly
s
l
i
g
h
t
l
y
ab
ov
e
th
e
a
n
a
l
y
t
i
c
a
l
c
a
p
a
b
i
l
i
t
i
e
s
of
mo
ni
to
ri
ng
la
bo
ra
to
ri
es
.
Ph
th
al
at
es
ar
e
no
te
d
(1
)
in
ne
ar
sh
or
e
an
d
of
fs
ho
re
wa
te
rs
of
th
e
Up
pe
r
La
ke
s.
Fo
ur
sa
mp
le
s
fr
om
Sa
gi
na
w
Ba
y
ha
d
co
nc
en
tr
at
io
ns
of
di
(2
—e
th
yl
he
xy
l)
-
ph
th
al
at
e
ra
ng
in
g
fr
om
<1
to
1.
4
ug
/Q
wi
th
a
me
an
of
1.
3
ug
/R
,
in
ex
ce
ss
of
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e.
Th
e
so
ur
ce
s
ar
e
up
st
re
am
di
sc
ha
rg
es
to
th
e
Sa
gi
na
w
Ri
ve
r
an
d
it
s
tr
ib
ut
ar
ie
s.
Se
ve
ra
l
ph
th
al
at
es
we
re
so
ug
ht
bu
t
no
t
fo
un
d
in
fi
sh
fr
om
ne
ar
sh
or
e
wa
te
rs
of
Mi
ch
ig
an
.
Di
et
hy
l—
,
di
bu
ty
l—
,
an
d
di
(2
—e
th
yl
he
xy
l)
ph
th
al
at
e
ha
ve
be
en
de
te
ct
ed
in
wh
ol
e
fi
sh
sa
mp
le
s
of
bu
rb
ot
fr
om
bo
th
th
e
St
ra
it
s
of
Ma
ck
in
ac
an
d
Go
de
ri
ch
in
th
e
co
nc
en
tr
at
io
n
ra
ng
e
of
0
.
0
1
to
0.
1
ug
/
g
(T
ab
le
5.
6—
9)
.
Si
nc
e
ph
th
al
at
es
ca
nn
ot
as
ye
t
be
as
so
ci
at
ed
wi
th
de
le
te
ri
ou
s
ef
fe
ct
s,
th
ey
ar
e
no
t
co
ns
id
er
ed
to
be
a
ma
jo
r
pr
ob
le
m.
Th
ey
sh
ou
ld
,
ho
we
ve
r,
be
mo
ni
to
re
d
in
wa
te
rs
re
ce
iv
in
g
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
di
sc
ha
rg
es
un
ti
l
su
ch
ti
me
as
fe
ed
in
g
ex
pe
ri
me
nt
s
ca
n
es
ta
bl
is
h
no
—e
ff
ec
t
le
ve
ls
.
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CHLORONORBORNENE
Chloronorbornene and related compounds similar to those in toxaphene were
identified in whole—fish samples from both U.S. and Canadian open-lake sampling
stations at concentration levels in the approximate range 0.1 to 1.0 Ug/g
(22). The presence of similar compounds has been established in water adjacent
to and downstream of a kraft pulp mill effluent (35).
No safe levels have been determined in food or for fish—consuming animals.
Because of the observed levels in open lake fish and the fact that direct
sources of these compounds are at this time undetermined, monitoring of these
compounds in effluents and aquatic life is recommended.
OCTACHLOROSTYRENE
Octachlorostyrene was found in fish from Saginaw Bay and in burbot (whole
fish) from Goderich (22,34); the concentration at the latter location was in
the 0.001 to 0.01 pg/g range (Table 5.6—9). No safe level has been established
for the compound. The only previous reports of the contaminant come from
Europe (32). Sources of this compound are not generally known but it is a
suspected by—product in the manufacture of perchlorinated solvents (34).
Because of its apparent inertness and ability to bioaccumulate, this com—
pound should be studied to determine if there are sources to Lake Huron and
possible effects on the biota.
Consideration should be given to establishing
criteria for food products.
METHYLBENZOTHIOPHENE
Methylbenzothiophene has been found in burbot (whole fish) from the open
waters off Goderich in the approximate concentration range of 0.01—0.1 ug/g
(Table 5.6—9) (22). No safe levels have been established for the compound in
fish or water.
Benzothiophene is a contaminant in coal products and will
leach from coal processing residue (24).
Sources and bioactivity of this
compound should be investigated.
BIPHENYL
Biphenyl was found in burbot (whole fish) from the open waters off Goderich
(22) (Table 5.6—9) in the concentration range of 0.01 to 0.1 ug/g. Biphenyl
is known to be often present in industrial effluents containing oil and grease.
Large loadings of both oil and grease to water have been computed as a result
0f man's activities (18,19), and this compound has been identified in effluents
from petroleum refining, coal processing, and coke manufacture (24).
Biphenyl
mixtures may be expected to be accompanied by other, even less desirable
polynuclear aromatic hydrocarbons.
N0 safe levels of these compounds have been determined in fish tissue but
criteria for the protection of aquatic life are 0.01 mg/R total hydrocarbons.
Criteria for domestic water supply indicate that the water supply should be
"Virtually free" from oil and grease.
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B
i
p
h
e
n
y
l
i
s
u
s
e
d
a
s
a
d
y
e
c
a
r
r
i
e
r
i
n
t
h
e
t
e
x
t
i
l
e
i
n
d
u
s
t
r
y
a
n
d
m
a
y
b
e
p
r
e
s
e
n
t
f
r
o
m
o
i
l
r
e
f
i
n
i
n
g
o
r
c
o
a
l
p
r
o
c
e
s
s
i
n
g
.
P
o
s
s
i
b
l
e
o
c
c
u
r
r
e
n
c
e
i
n
c
h
l
o
r
i
n
—
a
t
e
d
w
a
t
e
r
s
u
p
p
l
i
e
s
o
r
m
u
n
i
c
i
p
a
l
w
a
s
t
e
s
c
o
u
l
d
r
e
s
u
l
t
i
n
t
h
e
f
o
r
m
a
t
i
o
n
o
f
c
h
l
o
r
o
b
i
p
h
e
n
y
l
a
s
a
r
e
s
u
l
t
o
f
d
i
s
i
n
f
e
c
t
i
o
n
(
8
)
.
f
l
u
e
n
t
s
a
n
d
a
q
u
a
t
i
c
b
i
o
t
a
t
o
d
e
t
e
r
m
i
n
e
B
i
p
h
e
n
y
l
s
h
o
u
l
d
b
e
m
e
a
s
u
r
e
d
i
n
e
f
c
o
n
s
u
m
i
n
g
a
n
i
m
a
l
s
,
i
n
c
l
u
d
i
n
g
m
a
n
,
s
h
o
u
l
d
s
o
u
r
c
e
s
,
a
n
d
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
o
n
f
i
s
h
—
be investigated.
H
E
X
A
B
R
O
M
O
B
I
P
H
E
N
Y
L
H
e
x
a
b
r
o
m
o
b
i
p
h
e
n
y
l
,
o
n
e
o
f
t
h
e
f
a
m
i
l
y
o
f
c
o
m
p
o
u
n
d
s
k
n
o
w
n
a
s
P
B
B
'
s
,
i
s
u
s
e
d
a
s
a
f
l
a
m
e
r
e
t
a
r
d
a
n
t
.
H
e
x
a
b
r
o
m
o
b
i
p
h
e
n
y
l
w
a
s
p
r
o
d
u
c
e
d
b
y
t
h
e
M
i
c
h
i
g
a
n
C
h
e
m
i
c
a
l
C
o
m
p
a
n
y
a
t
S
t
.
L
o
u
i
s
,
M
i
c
h
i
g
a
n
.
I
t
h
a
s
b
e
e
n
f
o
u
n
d
c
o
n
t
a
m
i
n
a
t
i
n
g
m
e
a
t
a
n
d
m
i
l
k
i
n
M
i
c
h
i
g
a
n
b
u
t
h
a
s
n
o
t
y
e
t
b
e
e
n
d
e
t
e
c
t
e
d
i
n
t
h
e
n
e
a
r
s
h
o
r
e
f
i
s
h
e
r
i
e
s
o
f
w
e
s
t
e
r
n
L
a
k
e
H
u
r
o
n
.
H
e
x
a
b
r
o
m
o
b
i
p
h
e
n
y
l
h
a
s
b
e
e
n
f
o
u
n
d
,
h
o
w
e
v
e
r
,
i
n
f
i
s
h
t
i
s
s
u
e
s
a
t
l
e
v
e
l
s
e
x
c
e
e
d
i
n
g
t
h
e
U
.
S
.
F
D
A
g
u
i
d
e
l
i
n
e
o
f
0
.
3
u
g
/
g
f
o
r
4
0
k
m
d
o
w
n
s
t
r
e
a
m
f
r
o
m
t
h
e
p
l
a
n
t
d
i
s
c
h
a
r
g
e
i
n
t
o
t
h
e
P
i
n
e
R
i
v
e
r
(
1
4
)
.
M
i
g
r
a
t
o
r
y
f
i
s
h
f
r
o
m
t
h
i
s
r
i
v
e
r
c
o
u
l
d
b
e
c
o
n
t
a
m
i
n
a
t
e
d
a
n
d
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
m
a
y
m
o
v
e
d
o
w
n
s
t
r
e
a
m
a
n
d
a
f
f
e
c
t
l
a
k
e
f
i
s
h
e
r
i
e
s
.
M
o
n
i
t
o
r
i
n
g
f
o
r
t
h
i
s
c
o
m
p
o
u
n
d
a
n
d
o
t
h
e
r
s
w
h
i
c
h
a
r
e
u
s
e
d
a
s
f
l
a
m
e
r
e
t
a
r
d
a
n
t
s
s
h
o
u
l
d
b
e
c
o
n
t
i
n
u
e
d
to
d
e
t
e
r
m
i
n
e
p
o
s
s
i
b
l
e
f
u
t
u
r
e
p
r
o
b
l
e
m
s
.
ENDOSULFAN
E
n
d
o
s
u
l
f
a
n
is
em
pl
oy
ed
e
xt
e
n
s
i
ve
l
y
as
an
a
g
r
i
c
u
l
t
u
r
a
l
p
e
s
t
i
c
i
d
e
an
d
it
m
a
y
b
e
p
r
e
s
e
n
t
in
a
g
r
i
c
u
l
t
u
r
a
l
r
u
n
o
f
f
fo
r
s
h
o
r
t
p
e
r
i
o
d
s
(1
—2
w
e
e
k
s
)
a
f
t
e
r
a
p
p
l
i
c
a
t
i
o
n
(3
1)
.
In
a
d
d
i
t
i
o
n
to
ru
no
ff
,
a
e
r
i
a
l
d
e
p
o
s
i
t
i
o
n
ca
n
i
n
t
r
o
d
uc
e
th
is
c
o
m
p
o
un
d
in
to
th
e
su
rf
ac
e
wa
t
e
r
s
of
th
e
Gr
ea
t
L
a
k
e
s
(1
0,
39
)
p
r
e
s
u
m
a
b
l
y
b
o
t
h
to
ne
ar
sh
or
e
ar
ea
s
an
d
th
e
op
en
la
ke
.
Ho
we
ve
r,
un
de
r
th
e
ae
ro
bi
c,
sl
ig
ht
ly
al
ka
li
ne
co
nd
it
io
ns
no
rm
al
ly
ob
se
rv
ed
in
La
ke
Hu
ro
n,
it
is
no
t
ex
pe
ct
ed
to
pe
rs
is
t
bu
t
ra
th
er
to
de
gr
ad
e
at
le
as
t
to
ei
th
er
th
e
en
do
su
lf
an
su
lp
ha
te
(2
3)
or
di
ol
(3
1)
.
Th
es
e
co
mp
ou
nd
s
ha
ve
no
t
be
en
re
po
rt
ed
in
or
ga
ni
sm
s
of
La
ke
Hu
ro
n.
Co
ns
eq
ue
nt
ly
,
no
id
en
ti
fi
ab
le
pr
ob
le
m
is
as
so
ci
at
ed
wi
th
th
e
us
e
of
en
do
su
lf
an
.
It
sh
ou
ld
be
no
te
d
th
at
th
e
ex
am
in
at
io
ns
fo
r
th
es
e
th
re
e
co
mp
ou
nd
s
ha
ve
no
t
be
en
ex
te
ns
iv
e
an
d
re
ce
iv
in
g
wa
te
rs
of
ag
ri
cu
lt
ur
al
dr
ai
na
ge
sh
ou
ld
be
ex
am
in
ed
mo
re
th
or
ou
gh
ly
.
Th
es
e
co
mp
ou
nd
s
ha
ve
no
t
be
en
ob
se
rv
ed
in
an
y
wa
te
r,
se
st
on
,
or
se
di
me
nt
sa
mp
le
s
in
La
ke
Hu
ro
n
(2
5)
ab
ov
e
le
ve
ls
of
0.
01
ug
/R
,
No
.2
ug
/g
,
an
d
0.
01
ug
/g
,
re
sp
ec
ti
ve
ly
.
Ho
we
ve
r,
be
ca
us
e
of
th
e
hi
gh
to
xi
ci
ty
,
mo
ni
to
ri
ng
is
su
gg
es
te
d
in
ar
ea
s
wh
er
e
th
is
co
mp
ou
nd
is
us
ed
an
d
st
ud
ie
s
sh
ou
ld
be
in
it
ia
te
d
to
de
te
rm
in
e
br
ea
kd
ow
n
pr
od
uc
ts
an
d
me
ta
bo
li
te
s
in
th
e
Gr
ea
t
La
ke
s.
CYANIDE
Cy
an
id
e
lo
ad
in
gs
at
tr
ib
ut
ab
le
to
Al
go
ma
St
ee
l
at
Sa
ul
t
St
e.
Ma
ri
e
am
ou
nt
ed
to
22
80
kg
/d
du
ri
ng
19
74
;
th
e
to
ta
l
in
pu
t
to
La
ke
Hu
ro
n
is
N2
80
0
kg
/d
.
Th
e
cy
an
id
e
co
nc
en
tr
at
io
n
av
er
ag
ed
0.
28
mg
/Q
ne
ar
th
e
Ca
na
di
an
sh
or
e
ju
st
do
wn
—
st
re
am
fr
om
th
e
ma
in
tr
un
k
se
we
r
an
d
le
ve
ls
di
mi
ni
sh
ed
to
0.
06
mg
/%
at
1
km
588
 
 downstream and to 0.03 mg/Q in the Lake George Channel (Figure 4.3—6). These
levels exceed the proposed Agreement Objective of 0.005 mg/l; the Ontario
permissible criterion for raw water, 0.2 mg/%, (Appendix C) is violated for
0.3 km downstream from the outfall. In general, levels during 1973-74 were
higher than in previous years mainly due to low flow conditions in the St.
Marys River. Little or no data are available to determine the possible effects
of the cyanide loading on the lake ecosystem and studies are needed to determine
if other than localized effects have occurred. Possible synergistic effects
of cyanide on the biota in the St. Marys River with other contaminants,
including heavy metals, phenol, and ammonia, should be investigated.
HEPTACHLOR EPOXIDE
The proposed Agreement objective for heptachlor plus heptachlor epoxide
in the edible portions of fish is 0.3 Ug/g for the protection of human consumers
of fish (1,2); see Appendix C. Heptachlor epoxide was found in burbot (whole
fish) from the Straits of Mackinac in the approximate concentration range of
0.1—1.0 ug/g. Although analysis of edible portions of fish indicate concen—
trations lower than present guideline levels, continued monitoring of this
persistent chemical is needed to determine sources and residue levels satis—
factory for human consumption.
DISCUSSION
All organic contaminants have the potential to adversely affect aquatic
resources by either reducing the survival, growth, and reproduction of fish
and fish food organisms or rendering the water and/or fisheries of Lake Huron
unfit or unsafe for consumption by higher life forms.
PE
RS
IS
TE
NT
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
'fa
The dispersion of persistent organic contaminants throughout the Lake
ecosystem occurs both within the lake and through atmospheric transport.
Whole—lake degradation is clearly indicated. Atmospheric inputs appear to be
.a significant source since several of the compounds were found at comparable
levels in both Lake Superior and Lake Huron. Further evidence of atmospheric ;
transport is indicated by the presence of similar concentrations of such f3
persistent organic compounds as PCB's, hexachlorobenzene, heptachlor epoxide,
and methoxychlor in fish from Lake Superior and in fish from Siskiwit Lake, an
inland lake on Isle Royale which has received no known direct discharges of
these compounds (37,40).
  
A wide range of organic constituents found in whole—fish samples of
burbot from the Straits of Mackinac and Goderich is given in Table 5.6—9.
Several of these are new in reports of Great Lakes contaminants. Of greatest
concern is the fact that many of these compounds are noted for their stable
Characteristics and long lives in aquatic systems. They can only be attributed
to products of man and his activities. Too little is known regarding chronic
effects to permit any estimate of the direct risk to fish stock or to wildlife
and man as a consumer of this low level contamination. Still less is known of
the pathways by which they reach fish and the effects which they may have on
other components of the aquatic ecosystem and hence indirectly on fish.
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R
e
g
a
r
d
l
e
s
s
o
f
t
h
e
a
b
s
o
l
u
t
e
c
o
n
c
e
n
t
r
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t
i
o
n
s
o
f
t
h
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s
w
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e
a
r
r
a
y
o
f
c
h
l
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n
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t
e
d
d
b
i
o
t
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o
f
t
h
e
U
p
p
e
r
L
a
k
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s
,
t
h
e
R
e
f
e
r
e
n
c
e
G
r
o
u
p
h
y
d
r
o
c
a
r
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o
n
s
f
o
u
n
d
i
n
w
a
t
e
r
a
n
f
n
u
m
e
r
o
u
s
t
o
x
i
c
o
r
g
a
n
i
c
s
w
h
o
s
e
i
n
d
i
v
i
—
i
s
c
o
n
c
e
r
n
e
d
o
v
e
r
t
h
e
c
o
m
m
o
n
p
r
e
s
e
n
c
e
0
d
u
a
l
e
f
f
e
c
t
s
,
a
c
u
t
e
o
r
c
h
r
o
n
i
c
,
t
o
x
i
c
o
r
s
u
b
l
e
t
h
a
l
,
a
r
e
p
o
o
r
l
y
k
n
o
w
n
a
n
d
w
h
o
s
e
p
o
t
e
n
t
i
a
l
c
o
m
b
i
n
e
d
e
f
f
e
c
t
s
a
r
e
c
o
m
p
l
e
t
e
l
y
u
n
k
n
o
w
n
b
o
t
h
i
n
t
h
e
a
q
u
a
t
i
c
b
i
o
t
a
a
n
d
i
n
o
r
g
a
n
i
s
m
s
w
h
i
c
h
d
e
p
e
n
d
o
n
t
h
e
m
f
o
r
f
o
o
d
.
I
t
i
s
a
p
p
a
r
e
n
t
t
h
a
t
L
a
k
e
H
u
r
o
n
i
s
b
e
i
n
g
c
o
n
t
a
m
i
n
a
t
e
d
w
i
t
h
p
e
r
s
i
s
t
e
n
t
t
o
x
i
c
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
f
r
o
m
e
s
s
e
n
t
i
a
l
l
y
u
n
k
n
o
w
n
s
o
u
r
c
e
s
.
P
a
s
t
e
f
f
o
r
t
s
t
o
c
o
n
t
r
o
l
D
D
T
c
o
n
t
a
m
i
n
a
t
i
o
n
,
a
l
t
h
o
u
g
h
e
f
f
e
c
t
i
v
e
i
n
L
a
k
e
M
i
c
h
i
g
a
n
,
a
p
p
e
a
r
t
o
n
o
t
h
a
v
e
h
a
d
a
s
m
u
c
h
e
f
f
e
c
t
a
s
y
e
t
i
n
L
a
k
e
H
u
r
o
n
.
F
u
r
t
h
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
t
h
e
b
i
o
t
a
b
y
P
C
B
'
s
a
n
d
,
t
o
a
l
e
s
s
e
r
d
e
g
r
e
e
,
d
i
e
l
d
r
i
n
i
s
s
t
i
l
l
c
o
n
s
i
d
e
r
e
d
u
n
a
v
o
i
d
a
b
l
e
i
n
t
h
e
U
p
p
e
r
L
a
k
e
s
.
T
h
e
r
e
i
s
a
l
s
o
a
r
e
a
l
p
o
t
e
n
t
i
a
l
t
h
a
t
i
f
p
o
l
l
u
t
i
o
n
b
y
t
o
x
i
c
o
r
g
a
n
i
c
s
c
o
n
t
i
n
u
e
s
u
n
c
h
e
c
k
e
d
,
t
h
e
f
i
s
h
e
r
i
e
s
m
a
y
e
v
e
n
t
u
a
l
l
y
b
e
l
o
s
t
b
e
c
a
u
s
e
o
f
p
u
b
l
i
c
h
e
a
l
t
h
p
r
o
b
l
e
m
s
o
r
,
i
n
t
h
e
e
x
t
r
e
m
e
,
a
c
t
u
a
l
l
o
s
s
o
f
t
h
e
r
e
s
o
u
r
c
e
f
r
o
m
t
h
e
l
a
k
e
s
.
T
h
i
s
e
v
i
d
e
n
c
e
i
n
d
i
c
a
t
e
s
a
p
p
a
r
e
n
t
i
n
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f
c
o
n
t
r
o
l
l
i
n
g
t
o
x
i
c
o
r
g
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c
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t
h
r
o
u
g
h
p
a
r
t
i
a
l
b
a
n
s
.
T
h
e
o
n
l
y
a
n
s
w
e
r
i
s
t
o
t
a
l
b
a
n
s
.
T
A
S
T
E
A
N
D
O
D
O
U
R
C
O
M
P
O
U
N
D
S
E
x
c
e
s
s
i
v
e
l
e
v
e
l
s
o
f
t
a
s
t
e
a
n
d
o
d
o
u
r
c
a
u
s
i
n
g
c
o
m
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o
u
n
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s
a
r
e
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a
c
e
a
b
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s
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r
i
a
l
d
i
s
c
h
a
r
g
e
s
i
n
t
o
t
h
e
S
p
a
n
i
s
h
R
i
v
e
r
a
n
d
t
h
e
S
t
.
M
a
r
y
s
R
i
v
e
r
.
R
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
a
r
e
r
e
q
u
i
r
e
d
a
t
A
l
g
o
m
a
S
t
e
e
l
a
n
d
D
o
m
t
a
r
C
h
e
m
i
c
a
l
a
t
S
a
u
l
t
S
t
e
.
M
a
r
i
e
a
n
d
a
t
E
d
d
y
F
o
r
e
s
t
P
r
o
d
u
c
t
s
a
t
E
s
p
a
n
o
l
a
i
n
o
r
d
e
r
t
o
r
e
d
u
c
e
p
r
e
s
e
n
t
d
i
s
c
h
a
r
g
e
s
o
f
t
a
s
t
e
a
n
d
o
d
o
u
r
c
a
u
s
i
n
g
c
o
m
p
o
u
n
d
s
t
o
l
e
v
e
l
s
i
n
c
o
m
p
l
i
a
n
c
e
w
i
t
h
t
h
e
p
r
o
p
o
s
e
d
A
g
r
e
e
m
e
n
t
o
b
j
e
c
t
i
v
e
a
n
d
t
h
e
O
n
t
a
r
i
o
c
r
i
t
e
r
i
a
.
T
h
e
t
e
c
h
n
o
l
o
g
y
i
s
p
r
e
s
e
n
t
l
y
a
v
a
i
l
a
b
l
e
t
o
a
c
h
i
e
v
e
t
h
i
s
a
b
a
t
e
m
e
n
t
.
CONCLUSIONS
T
h
e
R
e
f
e
r
e
n
c
e
G
r
o
u
p
c
o
n
c
l
u
d
e
s
t
h
a
t
a
t
o
t
a
l
b
a
n
s
h
O
u
l
d
b
e
i
m
p
l
e
m
e
n
t
e
d
o
n
t
h
e
m
a
n
u
f
a
c
t
u
r
e
,
s
a
l
e
,
t
r
a
n
s
p
o
r
t
,
a
n
d
u
s
e
o
f
P
C
B
'
s
,
a
l
d
r
i
n
,
d
i
e
l
d
r
i
n
,
a
n
d
D
D
T
a
n
d
i
t
s
d
e
r
i
v
a
t
i
v
e
s
.
F
o
r
o
t
h
e
r
m
a
n
—
m
a
d
e
o
r
g
a
n
i
c
s
s
u
c
h
a
s
h
a
l
o
g
e
n
a
t
e
d
h
y
d
r
o
-
c
a
r
b
o
n
s
,
a
n
a
c
c
e
l
e
r
a
t
e
d
p
r
o
g
r
a
m
is
r
e
q
u
i
r
e
d
t
o
e
v
a
l
u
a
t
e
e
f
f
e
c
t
s
o
n
h
u
m
a
n
h
e
a
l
t
h
a
n
d
b
i
o
t
a
,
to
e
s
t
a
b
l
i
s
h
a
b
e
t
t
e
r
b
a
s
i
s
f
o
r
c
r
i
t
e
r
i
a
,
a
n
d
to
d
e
v
e
l
o
p
r
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
as
n
e
e
d
e
d
.
U
n
t
i
l
t
h
e
e
f
f
e
c
t
s
a
r
e
f
u
l
l
y
u
n
d
e
r
s
t
o
o
d
,
t
h
e
r
e
sh
ou
ld
be
no
in
cr
ea
se
d
ma
nu
fa
ct
ur
e,
us
e,
or
d
i
s
c
h
a
r
g
e
of
t
h
e
s
e
co
mp
ou
nd
s.
Fu
rt
he
r,
b
e
f
o
r
e
n
e
w
or
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 Sllllllﬁ
REVIEW OF POTENTIAL PROBLEMS
Solids
exist
in water
in
two
distinct
forms,
suspended
and
dissolved.
Dissolved solids consist of inorganic salts and small amounts of organic
matter while suspended solids consist of organic and inorganic particulate
matter (1).
Both dissolved and suspended solids are of definite chemical
composition which ultimately reaches equilibrium with the adjacent water mass,
usually providing a detrimental impact.
Excess dissolved solids are objectionable in water because of possible
human physiological effects,
unpalatable tastes, corrosion and encrustation of
metallic surfaces, and toxicity to biota and fish (2).
The principal physio-
logical effects of dissolved
solids are laxative effects caused by sulfate
compounds and the adverse effect of sodium on people with cardiac disease.
Physiological and taste effects generally do not occur below a dissolved
solids concentration of 500 mg/2 (3) while corrosion and encrustation become
severe when the concentration exceeds 1,000 mg/£ (2).
The effect of dissolved
solids on freshwater biota and fish is generally innocuous when the concentra—
tion is less than 1,500 mg/R (4) but a concentration in excess of 15,000 mg/R
is unsuitable for most freshwater fish (2).
Particulates, especially mineral clays with highly polar structures, tend
to sorb other materials onto their surfaces; under appropriate conditions,
sorbed toxicants may be desorbed and become available to the biota. Excess
suspended solids can cause ineffective disinfection of a water supply, interfere
with recreational use and aesthetic enjoyment of the water, increase the costs
of water treatment, and damage fish. Excess suspended solids act directly on
the fish, either killing them or reducing their growth rate and their resistance
to disease; prevent the successful development of fish eggs and larvae; modify
the natural movements and migrations of the fish; and reduce the abundance of
food available to them (2). Additionally, the increased turbidity related to
high concentrations of suspended solids will reduce light penetration into the
water body, thereby reducing the primary productivity and altering the biota
(4,6). Finally, certain submicroscopic suspended solids such as asbestos
fibres may be harmful to human health (5).
Appendix C summarizes the standards, criteria, objectives, and guidelines
relating to solids. The present levels of suspended and dissolved solids in
Lake Huron are described in Chapters 4 and 5. Most dissolved solids concentra—
tions were calculated by converting specific conductance data; the various
measurement methods used are summarized in Appendix D.
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 Elevated values (2—15 mg/Q, 2—16 JTU) are recorded in the nearshore area
between Goderich and the St. Clair River. These levels areattributable to
natural shoreline erosion, resuspension of sediments, and suspended solids
contributed by tributaries. The Maitland River contributes 26,000 kg/d,
primarily from land drainage. Prevailing currents transport the suspended
solids toward the St. Clair River.
Elevated values are also recorded in Saginaw Bay, with a yearly average
of W3 mg/R (3 JTU). These suspended solids are attributable to both point and
nonpoint sources throughout the heavily developed Saginaw River Basin.
The average number of suspended asbestiform fibres recorded in Lake Huron
in 1974 was %0.6 X 106 fibres/2, considerably below the Lake Superior average
of 1-9 X 106 fibres/R (10). There is little evidence for areal variation.
All of the fibres measured were chrysotile, identified by their hollow tube
appearance.
CONCLUSIONS
Neither dissolved nor suspended solids are presently a problem in Lake
Huron, Georgian Bay, and the North Channel and no criteria or objectives are
presently exceeded. Localized elevations are found in the Saginaw Bay and the
Goderich areas.
Because of expected population and industrial growth in the Saginaw River
Basin with a consequent increase in dissolved solids loading, programs should
be implemented to ensure that the dissolved solids concentration does not
increase. Any increase would have an adverse effect on the aquatic community
in the inner bay and would also add to the long—term buildup in Lake Huron.
Unless measures are taken, the present rate of increase in Lake Huron, N1 mg/R
per decade, can be expected to increase.
Organic suspended solids entering Saginaw Bay will be removed in response
to secondary treatment requirements. Land use regulations and programs
should also be implemented to control the suspended solids input from nonpoint
sources. Such measures would be expected to increase the transparency of the
bay and thus benefit the benthic and algal communities, improve the dissolved
oxygen level, and decrease the need for dredging.
 
' N'n‘ya
  
 SPIllS
REVIEW OF POTENTIAL PROBLEMS
Spills generally occur in shipping lanes, channels, or harbours and
usually involve a slug discharge. Spills of oil or other hazardous materials
can interfere with recreational water uses and can threaten water supplies.
However, most spills do not appear to cause injury to health or property. The
major impact of spills is the threat of significant ecological upset in the
immediate vicinity of the spill and the short—term impact may be very serious.
Unfortunately, regulatory agencies have not conducted post—spill studies to
determine the existence, extent, or duration of any long—term ecological
imbalance which may be attributed to spills of deleterious substances.
Toxicity is directly and subtly related to the nature of the material
spilled and the rate of its dispersion or cleanup. Materials spilled include
anything used in manufacturing or being transported. There are as many causes
and each response is unique. Neutralizing agents, if employed, may also be as
harmful as the material spilled.-
The freight traffic on Lake Huron is predominantly cement, stone, sand,
and gravel with coal a distant second. Chemicals are transported about three
times more frequently as on Lake Superior but the quantities are minimal,
compared to other cargoes. However, oil presents a greater potential environ—
mental danger than any other commodity moving in Lake Huron.
SPILLS T0 LAKE HURON
The total volume of pollutants spilled to Lake Huron represents only a
small fraction of the total loadings; see Chapter 3.11. During 1973 and l974
ere were 81 reported direct spills of oil or petroleum distillate into Lake
wuon, with a loss of at least 250,000 2 from 31 of these spills, and 9 reported
hmidents which involved other potentially hazardous materials. Chemicals or
other potentially hazardous materials spilled to watercourses are generally
not recoverable. The spill reports indicate that for oil spills, <50% of the
product spilled to water is actually recovered.
 
A major spill involving m800,000 l of No. 2 fuel oil occurred on
October 6, 1971 at the mouth of the Saginaw River and exemplifies the
Consequences of an oil spill. Favorable wind and water currents and prompt
response by agencies resulted in a cleanup of almost 100%. The Michigan
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 CONCLUSIONS
Most spills into Lake Huron do not appear to cause injury to health or
property. However, although spills are usually quite localized, their effects
on the local ecosystem can be severe. Transboundary movements of pollutants
spilled directly into Lake Huron appear to be associated only with commercial
vessels in shipping lanes near the international border. Spill incidents from
shore facilities with a potential for transboundary movement have occurred in
the Sault Ste. Marie area; however, no significant damage to property on the
other side of the boundary has been recorded. Experience gained from incidents
on the St. Clair River indicates that, in the event of a major spill in the
Sault Ste. Marie area, a significant threat to health and property on both
sides of the St. Marys River is a possibility.
The information base regarding the nature and the character of the
material spilled requires upgrading and reporting in a common format. Post-
spill studies should be conducted to determine the associated long—term environ—
mental effects of spills and cleanup. In addition, improvements in response
measures and recovery technology are required.
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The outflow from Lake Huron is unregulated and is governed only by the
discharge capability of the St. Clair River; there are no real economic
benefits to the construction of regulatory works but there would be several
adverse ecological effects (1).
Four past activities have affected the level of Lake Huron. Dredging for
gravel and for navigational improvements in the St. Clair—Detroit River
system between 1855 and 1962 has resulted in an estimated decrease in the
level of Lake Huron of No.3 m; the Long Lac—Ogoki diversions into Lake Superior,
an increase of WO.ll m; the Chicago diversion, a decrease of W0.07 m; and the
Welland Canal diversion, a decrease of $0.03 m.
EFFECT OF LAKE LEVEL REGULATION
Regulation of the outflow of Lake Superior under Plan 1955 Modified Rule
of 1949 has not affected the long—term mean level, range of fluctuation, and
outflow of Lake Huron but has increased the maximum level No.1 m; see Volume
III, Chapter 6.7. The effect, if any, of this regulation on erosion in the
Lake Huron Basin is negligible.
Regulation of the outflow from Lake Superior can adversely affect fish
habitat in the St. Marys River area. During periods of low flow the Whitefish
Channel and the rapids area adjacent to Whitefish Island dry up and fish
become entrapped in isolated pools. High flows tend to wash organisms away,
destroy spawning areas, and make fish migration difficult. High flows also
result in the migration of organisms to higher areas which later dry up when
the flow is reduced, thereby entrapping these organisms (2).
The problem of siltation in the St. Marys River would be aggravated by
extreme high flows, which cause bank and substrate erosion, and may be more
severe during periods of extreme ice conditions (1). An extended winter
navigation season may also increase the erosion and siltatiOn rates.
Plan 80—901, if implemented, would tend to increase the frequency of
occurrences of low flows in the St. Marys River and cause an adverse impact on
fish habitat greater than that which now occurs. However, remedial programs
are feasible (2). Also, operating procedures regarding gate settings were
established in 1955 to minimize damage from extreme flow conditions (2).
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The primary purpose of dredging in Lake Huron is to maintain navigation
channels.
The quantities and locations dredged in Lake Huron are summarized
in Chapter 3.9.
Dredging for mining of sand and gravel, primarily in the
Saginaw Bay area, is also significant.
EFFECTS OF DREDGING AND DREDGE SPOIL DISPOSAL
DREDGING
The environmental effects of dredging and open lake disposal of dredged
material,
even if the material is unpolluted,
are not fully understood.
The
act of
dredging
itself
destroys
whatever benthic
community
that
may
exist
in
the channel,
resuspends particulate matter in the water,
and exposes anaerobic
layers of sediment to aerobic conditions with the possible release of nutrients
and/or toxic materials
to the water.
The significance of these effects is
minimized by the fact that a healthy benthic community is very seldom able to
establish itself within an active shipping channel due to constant disturbance
of the upper layers of sediment by ships'
propellors.
The bulk of the resus-
pended materials settle back to the bottom within a short time.
OPEN LAKE DISPOSAL
The effects of open lake disposal of dredged materials may be divided
into three categories:
the immediate impact on the water column, the immed-
iate impact on the benthic community, and the long—term impact on both the
biota and the water column.
IMMEDIATE IMPACT ON THE WATER COLUMN
The water column in an area of open lake disposal of dredged materials is
subjected to temporary discoloration, increased turbidity, and possibly a
small oil slick or other floating scum and debris.
These effects are virtual-
ly impossible to detect an hour after the disposal operation is completed due
to the virtually unlimited dilution water available and the fact that the
great majority of the material settles rapidly to the bottom. During this
process, there may be some release of soluble contaminants to the water,
primarily ammonia and manganese.
Most of this transfer is believed to occur
Within the slurry in the barge itself.
Sediments from Great Lakes harbours
have been observed in the laboratory to form very stable colloidal suspensions
in graduated columns of lake water. These suspensions can persist for weeks
under quiescent conditions. There is no question that these particles remain
suspended within the lake for long periods of time. The very low mass of
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true of fine sediments which contain organic material. It is less true of
coarse material which permits interchange of lake and interstitial waters to
a greater depth and which normally contains less organic matter. The amount
of methyl mercury which may be released from a sediment depends upon many
variables; however, it has been observed that as little as 1 mg/kg mercury in
sediments from Duluth-Superior Harbor causes significant bioaccumulation in
Pontoporeia affinis and in sculpin which feed upon them. PCB's and pesticides
are known to bioaccumulate and are toxic to birds and other animals. These
compounds have a strong affinity for fine particulates in a sediment. This
property has made quantitative analysis of PCB's in sediments very difficult
because it is hard to get them into solution.
A possible beneficial effect of continued open—lake disposal of unpolluted
dredged material is that contaminated bottom sediments can be covered and
therefore isolated from the aquatic environment.
SEDIMENT EVALUATION
TECHNOLOGY
The technology for evaluating sediments and their impact on the open lake
is not entirely satisfactory and must be considered to be under development.
Ultimately this technology must be based upon direct bioassay procedures which
determine the effect of various sediments on the important species found in
the lake. These types of analyses are very difficult, expensive, and time
consuming and are unsuitable for a large-scale sediment classification program.
Two other technologies have been used to determine the chemistry of
sediments. Bulk sediment chemistry involves a hard acid digestion of the
sediment to determine total quantities of various constituents; an elutriate
procedure attempts to determine how much of each constituent is dissolved in
the water column during the dredging and disposal procedure. Both of these
techniques have basic disadvantages.
The bulk sediment test has been used to evaluate sediments from U.S.
harbours on the Great Lakes. The test may not be directly relatable to the
impact of the sediment on the lakes because a substantial fraction of the
constituents it measures are in forms that are never available to the eco-
system of the lake. Since this fraction varies from sediment to sediment, it
is not possible to determine exactly how much material is available to the
lake ecosystem from any one sample.
The elutriate procedure, which has been proposed for the evaluation of
sedimentS, suffers because it addresses only the immediate impact on the water
column and ignores impact on the benthic community and longer term releases,
which could be significant. Volatile metals, such as mercury, and organics,
such as pesticides or PCB's, will never be detected by the elutriate procedure.
In addition, the elutriate procedure takes place under aerobic conditions
while most sediments are,anaerobic a few centimetres below the surface.
Reduced metals, particularly iron, interfere with the elutriate test by forming
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rThe Ontario Ministry of the Environment has been conducting a review of
the water resources aspects of dredged spoil disposal for expected contamin-
ants; marine construction guidelines have been developed and are summarized in
Appendix C. The primary evaluation criterion is the protection of nearby
users, including fish and wildlife.
DREDGING AND DREDGE SPOIL DISPOSAL IN LAKE HURON
Dredging for mining, for intakes and other structures, and for creating
and maintaining navigation channels has been going on for many years. There
was
lit
tle
or
no
con
tro
l o
n t
he
met
hod
of
dis
pos
al
of
dre
dge
d m
ate
ria
l a
nd
the
vas
t m
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rit
y o
f i
t w
as
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ed
of
in
the
ope
n l
ake
at
the
mos
t c
onv
eni
ent
and least expensive designated disposal areas.
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 In 1970, public concern over the disposal of heavily polluted materials
in Lake Michigan caused the State of Michigan to prohibit the disposal of
heavily polluted materials into Lake Huron.
Figure 3.9—1 shows maintenance dredging sites on Lake Huron; Table 3.9-1
lists the quantities dredged and the volume of dredged spoil which is classified
as polluted.
Polluted spoil is dredged from several sites but quantities are
generally small. More than two thirds of the dredging in the Lake Huron Basin
takes place in Saginaw Bay and in the Saginaw River to maintain the navigation
channel. All of the dredged spoil is classified as polluted; concentration
ranges for specific parameters in sediments are given in Table 4.2—7. The
highest values found in Saginaw Bay are recorded at the Saginaw River mouth
with a marked decrease in concentration toward the mouth of the bay. Spoil is
now disposed of in a diked area in Saginaw Bay (Figure 4.2-1).
Saginaw Bay sediments can also be a source of material to the water
column; it is estimated that 50% of the phosphorus that settles in the bay
during the year is resuspended at a later time (see Chapter 4.2).
The sediments found along the Canadian shore of the St. Marys River are
not acceptable for open lake disposal.
However, the major dredging activities
to maintain the navigation channel take place along the U.S. shore, where
sediments meet U.S. EPA guidelines.
Sediments at several U.S. harbours, including Alpena and Caseville, pre-
viously considered polluted, have been reclassified as unpolluted because
there has been significant improvement in sediment quality as a result of
discharge regulations for small boats or ships, the major sources of pollution
in small harbours.
The reduction of combined sewer discharges and improved
municipal and industrial treatment facilities have also contributed to cleaner
sediments.
Sediments at Au Sable, Hammond, Harrisville, and Sebewaing may
also be reclassified as unpolluted if the trend toward cleaner sediments
continues.
CONCLUSIONS
The Reference Group concludes that the effects of dredging in Lake Huron
are local in nature and not serious except in the Saginaw Bay area; the con-
tribution of dredging to the total loading is small. Nonetheless, dredging
shOuld not be expanded beyond present levels and all disposal should be in
confined areas because the present criteria for evaluation of the effects of
dredging and of disposal are inadequate. Assessment of the effect of dredging
and of disposal should be conducted, including for confined disposal areas,
where seepage and groundwater contamination could be important.
Beneficial
uses of dredged sediment,
such as for beach nourishment and enlargement,
improvement of fishery and wetlands habitat, construction of landfills, and
blanketing of polluted sediments should be considered.
In addition,
scienti—
fically based guidelines for the evaluation and classification of dredged
spoil
s
h
o
ul
d
b
e
d
e
ve
l
o
p
e
d
.
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 VESSHWISIIS
REVIEW OF THE PROBLEM
Concern
with
vessel
wastes
is
not
so
much
with
their
contribution
to
the
total
loadings
to
the
lake,
but
rather
with
their
impact
on
harbours
and
em-
bayments.
Discharges
in
these
confined
areas
could
seriously
impair
water
quality.
PRESENT INPUTS
Vessel
wastes
are
classed
as
personal
(black
and
gray
water),
operational
(bilges),
and
functional
(cargo
spillage
and
ballast);
see
Chapter
3.10.
Estimates
of
annual
inputs
by
waste
category
are
given
in
Table
3.10—1.
On
a
Whole—lake
basis,
no
parameter
constitutes
more
than
0.1%
of
the
total
loading
to Lake Huron. '
Existing
U.S.
and
proposed
Canadian
regulations
regarding
personal
waste
allow
for
either
complete
containment
or
the
discharge
of
adequately
treated
sewage.
For
commercial
vessels
in
Canada
both
options
would
be
allowed;
for
recreational
vessels,
Ontario
requires
no
discharge.
In
the
U.S.,
under
PL
92—500,
Section
312(f)(3),
Michigan
has
been
granted
a
request
to
establish
"no
discharge
zones”
for
personal
wastes
from
both
recreational
and
commercial
craft
in
Lake
Huron.
The
result
is
that
for
commercial
vessels
incompatible
regulations exist.
CONCLUSIONS
Since
discharge
of
personal
wastes
can
cause
public
health
problems,
the
Reference
Group
concludes
that
such
discharges
should
be
prohibited.
Opera-
tional
waste
discharges,
including
stack
emissions,
and
functional
waste
discharges
are
much
greater
than
personal
waste
discharges.
Operational
wastes,
such
as
for
oil,
are
regulated,
but
present
regulations
to
enforce
good
shipkeeping
practices
are
inadequate.
There
are
apparently
no
legal
constraints
regarding
the
dumping
of
functional
wastes.
Transboundary
movements
of
di8charged
vessel
wastes
appear
to
occur
only
in
shipping
lanes
near
the
international
border.
Discharges
in
harbours
have
nOt
indicated
the
threat
or
possibility
of
transboundary
movement.
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REVIEW OF THE PROBLEMS
T
h
e
r
e
s
ul
t
s
of
us
i
n
g
lake
wa
t
e
r
for
o
n
c
e
—t
h
r
o
ug
h
c
o
o
l
i
n
g
of
t
h
e
r
m
a
l
-
electric
power
plants
include
direct
heating
of
water,
enhanced
evaporation
from
the
lake
surface,
entrainment
of
biota
into
the
cooling
water
system,
and
effects
on
the
biological
community
in
the
area
exposed
to
the
heated
water.
These
intake—discharge
systems
may
also
alter
local
current
patterns
and
this
can
have
an
impact
upon
the
biological
community
in
or
passing
through
the
zone of impact.
THERMAL INPUTS T0 LAKE HURON
Four
fossil—fueled
power
plants
and
one
nuclear
power
plant—heavy
water
complex
use
Lake
Huron
water
for
once-through
cooling
(Table
3.7—1).
Although
the
temperature
of
the
cooling
water
discharged
from
the
fossil—fueled
plants
is
raised
as
much
as
9
C°
by
the
waste
heat,
there
are
no
violations
of
temperature criteria.
When
fully
operational,
the
Bruce
nuclear
power
complex,
which
includes
a
heat-discharging
heavy
water
production
plant,
will
be
the
largest
thermal
discharger
on
Lake
Huron.
The
Bruce
"A"
generating
station
became
operational
in
late
1976;
its
maximum
design
heat
discharge
is
7,750
MW.
The
Bruce
"B"
generating
station,
scheduled
to
become
operational
in
1982-1983,
would
dis-
charge an equal amount of heat.
At
present,
only
a
small
area
of
Lake
Huron
is
affected
by
thermal
discharges
from
the
Bruce
nuclear
power
development.
The
thermal
waste
input
from
,
Douglas
Point
and
the
Heavy
Water
Plant
"A"
produces
a
single
plume
estimated
3
to
be
2.4
km
long.
The
addition
of
the
Bruce
"A"
and
the
Bruce
"B"
generating
an
stations
will
result
in
two
additional
discharge
plumes,
each
4.8
to
5.6
km
in
a
length.
The
heavy
water
plant
complex
will
include
the
heavy
water
plant
"A"
discharge
and
will
result
in
a
thermal
plume
up
to
3.2
km
in
length.
The
Douglas
Point
generating
station
thermal
plume
will
then
be
reduced
to
0.8—1.2
km
in
length.
A11
plumes
except
the
Douglas
Point
generating
station
plume,
which
has
a
maximum
elevation
of
7.9
C°,
will
have
a
maximum
temerature
rise
of
11.1
C°
at
the
point
of
discharge.
The
Bruce
complex
will
require
a
cooling
water
flow
of
406
m3/s,
which
is
much
greater
than
the
34.1
m3/s
required
for
the
J.C.
Weadock
plant
at
Essexville,
Michigan,
the
largest
fossil-fueled
plant
on Lake
Huron.
Since
these
discharges
609
  
a
n
d
i
n
t
a
k
e
s
a
t
t
h
e
B
r
u
c
e
c
o
m
p
l
e
x
i
n
v
o
l
v
e
l
a
r
g
e
w
a
t
e
r
f
l
o
w
s
a
n
d
a
r
e
l
o
c
a
t
e
d
o
n
a
l
i
m
i
t
e
d
l
a
k
e
s
h
o
r
e
f
r
o
n
t
o
f
l
e
s
s
t
h
a
n
6
.
4
k
m
,
p
h
y
s
i
c
a
l
,
h
y
d
r
a
u
l
i
c
,
a
n
d
t
h
e
r
m
a
l
s
c
a
l
e
m
o
d
e
l
s
h
a
v
e
b
e
e
n
u
n
d
e
r
t
a
k
e
n
t
o
S
t
u
d
y
t
h
e
t
h
e
r
m
a
l
d
i
s
p
e
r
s
i
o
n
a
n
d
r
e
c
i
r
c
u
l
a
—
t
i
o
n
o
f
c
o
o
l
i
n
g
w
a
t
e
r
i
n
t
h
i
s
a
r
e
a
.
1
5‘
E
x
t
e
n
s
i
v
e
p
h
y
s
i
c
a
l
,
c
h
e
m
i
c
a
l
,
a
n
d
b
i
o
l
o
g
i
c
a
l
s
t
u
d
i
e
s
a
r
e
i
n
p
r
o
g
r
e
s
s
a
t
l
’K
t
h
i
s
d
e
v
e
l
o
p
m
e
n
t
.
T
h
e
t
h
e
r
m
a
l
d
i
s
c
h
a
r
g
e
g
u
i
d
e
l
i
n
e
s
f
o
r
t
h
e
B
r
u
c
e
"
A
"
p
o
w
e
r
:
'
p
l
a
n
t
a
n
d
t
h
e
c
o
m
b
i
n
e
d
h
e
a
v
y
w
a
t
e
r
p
l
a
n
t
s
a
l
l
o
w
a
m
a
x
i
m
u
m
t
e
m
p
e
r
a
t
u
r
e
r
i
s
e
o
f
i
.1
1
1
1
.
1
C
°
o
r
a
n
a
b
s
o
l
u
t
e
m
a
x
i
m
u
m
o
f
3
2
.
2
°
C
a
t
t
h
e
p
o
i
n
t
o
f
d
i
s
c
h
a
r
g
e
,
w
h
i
c
h
e
v
e
r
;
1
Q
i
s
l
e
s
s
.
P
r
e
-
o
p
e
r
a
t
i
o
n
a
l
t
e
m
p
e
r
a
t
u
r
e
r
e
c
o
r
d
s
s
u
g
g
e
s
t
t
h
a
t
t
h
e
i
n
t
a
k
e
t
e
m
p
e
r
a
-
ﬁf
1
E
t
u
r
e
s
f
o
r
t
h
e
B
r
u
c
e
"
A
"
a
n
d
"
B
"
p
l
a
n
t
s
m
a
y
b
e
h
i
g
h
e
n
o
u
g
h
f
o
r
a
f
e
w
d
a
y
s
i
n
r=
‘
}.
A
u
g
u
s
t
a
n
d
S
e
p
t
e
m
b
e
r
e
a
c
h
y
e
a
r
f
o
r
t
h
e
d
i
s
c
h
a
r
g
e
t
e
m
p
e
r
a
t
u
r
e
t
o
e
x
c
e
e
d
3
2
.
2
‘
°C
.
B
i
o
l
o
g
i
c
a
l
s
t
u
d
i
e
s
a
t
t
h
e
p
r
e
s
e
n
t
D
o
u
g
l
a
s
P
o
i
n
t
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
—
h
e
a
v
y
w
a
t
e
r
p
l
a
n
t
h
a
v
e
s
h
o
w
n
a
l
t
e
r
a
t
i
o
n
s
i
n
t
h
e
s
e
a
s
o
n
a
l
p
e
r
i
o
d
i
c
i
t
y
o
f
c
e
r
t
a
i
n
g
e
n
e
r
a
o
f
z
o
o
p
l
a
n
k
t
e
r
s
a
n
d
i
n
c
r
e
a
s
e
d
n
u
m
b
e
r
s
o
f
o
l
i
g
o
c
h
a
e
t
e
s
a
n
d
d
e
c
r
e
a
s
e
d
n
u
m
b
e
r
s
o
f
H
e
p
t
a
g
e
n
i
i
d
a
e
i
n
t
h
e
t
h
e
r
m
a
l
d
i
s
c
h
a
r
g
e
.
L
a
r
g
e
m
u
l
t
i
p
l
e
—
u
n
i
t
C
A
N
D
U
t
h
e
r
m
a
l
p
o
w
e
r
p
l
a
n
t
s
s
u
c
h
a
s
t
h
e
P
i
c
k
e
r
i
n
g
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
o
n
L
a
k
e
O
n
t
a
r
i
o
h
a
v
e
s
h
o
w
n
t
h
e
t
h
e
r
m
a
l
d
i
s
c
h
a
r
g
e
t
o
h
a
v
e
h
i
g
h
e
r
n
u
m
b
e
r
s
o
f
s
o
m
e
s
p
e
c
i
e
s
o
f
b
o
t
t
o
m
f
a
u
n
a
a
n
d
h
i
g
h
e
r
f
i
s
h
p
o
p
u
l
a
t
i
o
n
s
,
p
a
r
t
i
c
u
l
a
r
l
y
w
a
r
m
—
w
a
t
e
r
-
t
o
l
e
r
a
n
t
s
p
e
c
i
e
s
;
i
t
i
s
e
x
p
e
c
t
e
d
t
h
a
t
t
h
e
s
e
e
f
f
e
c
t
s
w
i
l
l
a
l
s
o
a
p
p
e
a
r
a
t
t
h
e
B
r
u
c
e
complex.
I
n
O
c
t
o
b
e
r
t
o
D
e
c
e
m
b
e
r
1
9
7
4
,
t
h
e
D
o
u
g
l
a
s
P
o
i
n
t
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
e
n
t
r
a
i
n
e
d
a
n
d
k
i
l
l
e
d
a
p
p
r
o
x
i
m
a
t
e
l
y
1
4
,
5
0
0
k
g
o
f
f
i
s
h
.
FUTURE INPUTS
C
o
n
s
i
d
e
r
a
b
l
e
e
x
p
a
n
s
i
o
n
of
t
h
e
r
m
a
l
—
e
l
e
c
t
r
i
c
g
e
n
e
r
a
t
i
n
g
c
a
p
a
c
i
t
y
is
p
l
a
n
n
e
d
fo
r
La
ke
H
ur
o
n
b
y
O
n
t
a
r
i
o
Hy
dr
o.
By
19
93
it
is
a
n
t
i
c
i
p
a
t
e
d
t
h
e
r
e
w
i
l
l
b
e
an
a
d
d
i
t
i
o
n
a
l
3,
00
0
to
6
,
0
0
0
M
W
of
g
e
n
e
r
a
t
i
n
g
c
a
p
a
c
i
t
y
on
th
e
m
a
i
n
b
o
d
y
of
L
a
k
e
Hu
ro
n,
pl
us
e
q
ua
l
a
m
o
un
t
s
l
o
c
a
t
e
d
o
n
G
e
o
r
g
i
a
n
Ba
y
an
d
o
n
th
e
N
o
r
t
h
Ch
an
ne
l.
M
u
c
h
of
th
is
a
d
d
i
t
i
o
n
a
l
e
l
e
c
t
r
i
c
p
o
we
r
c
o
ul
d
b
e
n
u
c
l
e
a
r
fu
el
ed
,
in
w
h
i
c
h
c
a
s
e
t
h
e
r
m
a
l
d
i
s
c
h
a
r
g
e
s
c
o
ul
d
b
e
s
i
m
i
l
a
r
in
m
a
g
n
i
t
u
d
e
to
t
h
o
s
e
e
x
p
e
c
t
e
d
f
r
o
m
th
e
Bruce complex.
Th
er
ma
l
di
sc
ha
rg
es
co
ul
d
be
re
du
ce
d
if
cl
os
ed
—s
ys
te
m
co
ol
in
g
to
we
rs
ar
e
used.
CONCLUSIONS
Th
e
Re
fe
re
nc
e
Gr
ou
p
co
nc
lu
de
s
th
at
pr
es
en
t
th
er
ma
l
di
sc
ha
rg
es
do
no
t
ca
us
e
se
ri
ou
s
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n.
Ho
we
ve
r,
it
is
no
t
po
ss
ib
le
at
pr
es
en
t
to
ex
tr
ap
ol
at
e
th
e
pr
es
en
t
da
ta
ba
se
of
th
er
ma
l
an
d
en
tr
ai
nm
en
t
ef
fe
ct
s
to
as
se
ss
th
e
ex
te
nt
or
ma
gn
it
ud
e
of
th
e
ef
fe
ct
s
fr
om
th
e
pr
op
os
ed
po
we
r
pl
an
ts
on
La
ke
Hu
ro
n.
It
ca
n
be
pr
ed
ic
te
d,
ho
we
ve
r,
th
at
th
er
e
wi
ll
be
al
te
ra
ti
on
of
th
e
ne
ar
sh
or
e
ec
os
ys
te
m
in
th
e
th
er
ma
ll
y
af
fe
ct
ed
ar
ea
s
an
d
a
de
gr
ee
of
im
pa
ct
th
ro
ug
h
di
re
ct
th
er
ma
l
ef
fe
ct
s
an
d
en
tr
ai
nm
en
t
bo
th
on
re
si
de
nt
an
d
mi
gr
at
or
y
fi
sh
po
pu
la
ti
on
s.
Th
er
ef
or
e,
co
mp
re
he
ns
iv
e
en
vi
ro
n-
me
nt
al
as
se
ss
me
nt
st
ud
ie
s
sh
ou
ld
be
co
nd
uc
te
d
fo
r
ea
ch
fu
tu
re
th
er
ma
l
di
s-
ch
ar
ge
r
wi
th
pa
rt
ic
ul
ar
em
ph
as
is
gi
ve
n
to
th
e
de
si
gn
of
in
ta
ke
an
d
di
sc
ha
rg
e
st
ru
ct
ur
es
to
mi
ni
mi
ze
fi
sh
an
d
fi
sh
la
rv
ae
en
tr
ai
nm
en
t.
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ﬁ
m
m
{A
o
f
a
r
a
d
i
a
t
i
o
n
d
o
s
e
t
o
a
p
o
p
u
l
a
t
i
,
s
u
p
p
l
y
.
M
a
n
i
s
t
h
e
m
o
s
t
s
e
n
s
i
t
i
v
e
s
p
e
c
i
e
s
t
o
r
a
d
i
a
t
i
o
n
a
n
d
m
a
x
i
m
u
m
d
o
s
e
*g
o
f
r
a
d
i
a
t
i
o
n
.
H
o
w
e
v
e
r
,
t
h
e
r
e
i
s
n
o
t
h
r
e
s
h
o
l
d
l
e
v
e
l
b
e
l
o
w
w
h
i
c
h
i
o
n
i
z
i
n
g
r
a
-
d
i
a
t
i
o
n
h
a
s
n
o
e
f
f
e
c
t
s
o
,
i
n
v
i
e
w
o
f
t
h
i
s
,
a
r
e
f
i
n
e
d
o
b
j
e
c
t
i
v
e
f
o
r
r
a
d
i
o
-
PRESENT LEVELS
T
h
e
r
e
a
r
e
f
o
u
r
s
o
u
r
c
e
s
o
f
r
a
d
i
o
a
c
t
i
v
i
t
y
i
n
p
u
t
t
o
L
a
k
e
H
u
r
o
n
a
t
t
h
e
1
p
r
e
s
e
n
t
t
i
m
e
.
I
n
o
r
d
e
r
o
f
i
m
p
o
r
t
a
n
c
e
t
h
e
s
e
a
r
e
n
u
c
l
e
a
r
w
e
a
p
o
n
s
t
e
s
t
i
n
g
f
a
l
l
o
u
t
,
r
a
d
i
o
a
c
t
i
v
e
d
i
s
c
h
a
r
g
e
s
f
r
o
m
t
h
e
D
o
u
g
l
a
s
P
o
i
n
t
n
u
c
l
e
a
r
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
,
d
r
a
i
n
a
g
e
o
f
t
h
e
E
l
l
i
o
t
L
a
k
e
u
r
a
n
i
u
m
m
i
n
i
n
g
a
r
e
a
b
y
t
h
e
S
e
r
p
e
n
t
R
i
v
e
r
,
a
n
d
w
e
a
t
h
e
r
i
n
g
o
f
n
a
t
u
r
a
l
l
y
r
a
d
i
o
a
c
t
i
v
e
m
i
n
e
r
a
l
s
.
T
h
e
l
e
v
e
l
s
o
f
r
a
d
i
o
n
u
c
l
i
d
e
s
i
n
t
h
e
o
p
e
n
w
a
t
e
r
s
o
f
L
a
k
e
H
u
r
o
n
i
n
1
9
7
3
,
1
9
7
4
,
1
9
7
5
,
a
n
d
1
9
7
6
p
r
o
d
u
c
e
d
b
y
n
u
c
l
e
a
r
f
i
s
s
i
o
n
,
a
r
e
s
u
m
m
a
r
i
z
e
d
i
n
T
a
b
l
e
s
6
.
1
1
—
1
a
n
d
6
.
1
1
-
2
(
1
—
4
,
8
)
.
T
h
e
s
e
l
e
v
e
l
s
a
r
e
c
o
n
s
i
d
e
r
e
d
t
o
b
e
e
n
t
i
r
e
l
y
d
u
e
t
o
f
a
l
l
o
u
t
.
T
h
e
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
o
r
1
3
7
C
s
f
o
r
t
h
e
o
p
e
n
l
a
k
e
i
n
1
9
7
3
,
1
9
7
4
,
1
9
7
5
,
a
n
d
1
9
7
6
a
r
e
0
.
0
4
0
,
0
.
0
4
5
,
0
.
0
4
4
,
a
n
d
0
.
0
2
5
p
C
i
/
k
,
r
e
s
p
e
c
t
i
v
e
l
y
.
T
h
e
r
e
s
u
l
t
s
f
o
r
t
h
e
f
i
r
s
t
t
h
r
e
e
y
e
a
r
s
a
r
e
n
o
t
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
a
n
d
s
u
g
g
e
s
t
t
h
a
t
l
o
s
s
o
f
7
C
s
t
o
t
h
e
s
e
d
i
m
e
n
t
s
w
a
s
b
a
l
a
n
c
e
d
b
y
c
o
n
t
i
n
u
i
n
g
i
n
p
u
t
f
r
o
m
a
t
m
o
s
p
h
e
r
i
c
f
a
l
l
o
u
t
.
R
e
s
u
l
t
s
f
o
r
1
9
7
6
a
r
e
a
p
p
r
e
c
i
a
b
l
y
l
o
w
e
r
,
s
u
g
g
e
s
t
i
n
g
t
h
a
t
s
c
a
v
e
n
g
i
n
g
a
n
d
s
e
d
i
m
e
n
t
a
t
i
o
n
b
y
b
i
o
m
a
s
s
p
r
o
d
u
c
t
i
o
n
a
n
d
d
e
c
a
y
a
r
e
r
e
m
o
v
i
n
g
1
3
7
0
5
f
r
o
m
t
h
e
w
a
t
e
r
c
o
l
u
m
n
f
a
s
t
e
r
t
h
a
n
i
t
i
s
b
e
i
n
g
r
e
p
l
e
n
i
s
h
e
d
.
T
h
e
a
v
e
r
a
g
e
v
a
l
u
e
s
f
o
r
1
2
5
S
b
i
n
1
9
7
3
,
1
9
7
4
,
1
9
7
5
,
a
n
d
1
9
7
6
a
r
e
0
.
0
7
8
,
0
.
0
7
0
,
0
.
0
6
3
,
a
n
d
0
.
0
3
7
p
C
i
/
z
,
r
e
s
p
e
c
t
i
v
e
l
y
;
t
h
e
f
i
r
s
t
t
h
r
e
e
a
r
e
a
l
l
i
d
e
n
t
i
c
a
l
w
i
t
h
i
n
e
x
p
e
r
i
m
e
n
t
a
l
e
r
r
o
r
,
a
n
d
t
h
e
1
9
7
6
v
a
l
u
e
i
s
l
o
w
e
r
f
o
r
t
h
e
s
a
m
e
r
e
a
s
o
n
a
s
f
o
r
1
3
7
C
s
.
V
a
l
u
e
s
f
o
r
1
3
7
C
s
a
n
d
1
2
5
S
b
i
n
w
a
t
e
r
s
a
m
p
l
e
s
t
a
k
e
n
7
0
0
m
o
f
f
s
h
o
r
e
f
r
o
m
t
h
e
D
o
u
g
l
a
s
P
o
i
n
t
n
u
c
l
e
a
r
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
w
e
r
e
n
o
t
s
i
g
n
i
f
i
c
a
n
t
l
y
h
i
g
h
e
r
t
h
a
n
t
h
e
m
i
d
—
l
a
k
e
s
a
m
p
l
e
s
.
Analyses
of
nearshore
waters
in
the
vicinity
of
Douglas
Point
from
1967—
1976
(Table
4.1—5)
h
a
ve
g
e
n
e
r
a
l
l
y
not
indicated
the
p
r
e
s
e
n
c
e
of
r
e
a
c
t
o
r
w
a
s
t
e
Products
at
measurable
levels.
A
large
release
of
3H
occurred
from
Douglas
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 TABLE 6.11-1
RA
DI
ON
UC
LI
DE
LE
VE
LS
IN
LA
KE
HU
RO
N
WA
TE
R,
19
73
a
SA
MP
LE
ST
AT
IO
N
CO
NC
EN
TR
AT
IO
N
IN
pC
i/
Q
NO
RT
H
WE
ST
23
9P
u
9°S
r
137
Cs
125
8b
LATITUDE LONGITUDE
45
°4
2'
15
"
83
°1
6'
09
"
—
—
0.
04
1i
0.
00
5
0.
04
6i
0.
01
4
45
°0
1'
06
"
82
°3
7'
42
"
0.
63
i0
.0
5X
10—
3
0.
86
%0
.0
2
0.
04
2i
0.
00
5
O.
10
1i
0.
01
7
42°
38'
00"
82°
13'
12"
—
—
0.0
35i
0.0
04
0.0
87i
0.0
11
     
 
a.
Inf
orm
ati
on
fro
m R
efe
ren
ces
(l)
and
(2)
.
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 RADIONUCLIDE
LEVELS
IN
LAKE
HURON
WATER,
1974,
1975,
AND
1976a
TABLE 6.11-2
SAMPLE LOCATION
LEVELS IN pCi/ﬁ
      
NORTH WEST
LAT
ITU
DE
LON
GIT
UDE
DAT
E
137
08
125
Sb
lan
ce
43°30'00"
82°04'24"
24 Apr. 1974
0.050i.005
0.069i.018
b
45°14'00"
82°25'00"
25 Apr. 1974
0.024i.007
0.107i.022
b
45°43'42"
83°17'48"
26 Apr. 1974
0.043i.010
0.035:.031
b
46°04'42"
82°44'36"
17 May
1974
0.059i.010
0.0441.010
0.286i.O40
45°01'48"
80°38'36"
30 Apr. 1974
0.046%.008
0.091i.023
b
45°35'12"
81°14'30"
29 Apr. 1974
0.045i.008
0.071i.023
0.0851.026
45°06'18"
82°27'54"
25 Apr. 1975
0.040i.004
0.064i.011
0.030i.012
44°19'42"
82°36'22"
26 Apr. 1975
0.032i.007
0.060i.021
0.029i.Ol7
43°31'52" 81°55'17" 29 Apr. 1975 0.059i.007 0.066i.017 0.030i.017
45°43'12" 83°17'30" 20 June 1976 0.023i.003 0.031i.008 d
45°15'00" 82°53‘00" 21 June 1976 0.0351.005 0.041i.012 d
43°30'00" 82°04'12" 22 June 1976 0.017i.003 0.038i.009 d
244°19'13" 81°36'36" 3 Oct. 1974 0.061i.012 0.067i.025 0.0531.017
C44°19'51" 81°36'26" 3 Oct. 1974 0.044i.009 0.064i.020 0.126i.021
44°20'26" 81°35'34" 3 Oct. 1974 0.073i.013 0.070i.032 b
a. Information from References (4) and (8).
b. Below detection limit.
c. Offshore from Douglas Point nuclear generating station.
d. Not measured.
   
   
Poin
t on
July
7—9,
1973
, as
the
resu
lt o
f an
equi
pmen
t ma
lfun
ctio
n,
prod
ucin
g
a local plume of high 3H concentration. The highest concentration recorded
was 46.2 nCi/R. This concentration would produce %5 mrem in an individual if
this level were maintained for one year. Presumably, however, this transient
plume dispersed rapidly.
The occasional high 3H level was recorded at some stations during 1976
but only one value, 5.8 nCi/k, would exceed the proposed Agreement objective
of 1 mrem. This level would give 1.1 mrem if it continued for one year. In
point of fact, it dropped to ambient level the next day (8).
Values for 90Sr and 137Cs (Table 6.11—3) recorded at the Kincardine and
the Port Elgin water intakes near Douglas Point suggest that discharges from
the nuclear generating station have little, if any, effect on these water
supplies. Mean values are generally similar to open lake values.
Levels of 226Ra at the mouth of the Serpent River (Table 4.1—4) have
shown a steady decline from 11.7 pCi/R in 1966 to 5.3 pCi/£ in 1976. The
Ontario permissible criterion for surface water supply is 3 pCi/ﬁ.
Radionuclide levels in sediments of Lake Huron are given in Tables 6.11—4
and 6.11—5. The levels of 137Cs and 125Sb are essentially the same as in 1973
(3—5). The vertical distribution of Y-emitting radionuclides in several
sediment cores showed them to be concentrated in the top 5 cm.
CURRENT RADIATION DOSE
Only the 90Sr in Lake Huron is at a sufficiently elevated level and
radiologically hazardous enough to approach the proposed objective of 1 mrem.
The mean 90Sr values reported in 1973, 1974, 1975, and 1976 at the Port Elgin
and the Kincardine water supplies are 0.75, 0.77, 0.74, and 0.73 pCi/l,
respectively, and would produce a TEDso of No.5 mrem (4,8). Strontium is
conservative in the Great Lakes waters so 90Sr lost by flushing would be
replaced from Lakes Superior and Michigan; however, assuming no further atmos—
pheric testing of nuclear weapons, the level in Lake Huron would decrease with
the half—life of 90Sr of 28 years to No.3 mrem by 2000.
The only artificial y—emitting radionuclide found in plankton and fish
was 137Cs (Table 6.11—6). 137Cs is accumulated by plankton and then by
plankton-eating fish so the biomagnification of 137Cs could affect the TEDso
received by anindividual regularly eating Lake Huron fish. However, this
person would have to eat about 100 kg per year of northern pike at the 0.24
pCi/g level to reach the proposed 1 mrem objective. 137Cs is not conservative
but is gradually scavenged out of the water column by decaying organic matter
and fixed in the sediment where it decays with a 30-year half-life. It is
estimated that about 95% of the 137Cs entering Lake Huron from weapons testing
which has not disappeared by radioactive decay and by flushing to Lake Erie is
immobilized in the sediments (4).
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 TABLE 6.11-3
  
W
A
T
E
R
I
N
T
A
K
E
S
N
E
A
R
D
O
U
G
L
A
S
P
O
I
N
T
a
 
LEVELS IN poi/L
SAMPLE
KINCARDINE
PORT
ELGIN
DATE
9°Sr
13703
9°Sr
1370s
Jan.
1974
0.74
0.06
0.89
0.03
Jan.
1975
0.69
<0.02
0.97
<0
02
Feb.
1974
1.07
b
0.76
0.05
Feb.
1975
0.61
<0.02
0.76
<0.02
Mar.
1974
0.67
0.07
0.82
0.06
Mar.
1975
c
c
0.71
<0.02
Apr.
1974
0.81
0.11
0.80
0.05
Apr.
1975
0.66
<0.02
0.75
<0.02
May
1974
0.74
0.05
0.81
0.03
May
1975
0.61
<0.02
0.75
<0.02
June
1974
0.78
0.04
0.64
<0.02
June
1975
0.63
<0.02
0.69
<0.02
July
1974
0.76
0.15
0.91
<0.02
July
1975
0.72
0.04
c
c
Aug.
1974
0.74
0.07
0.82
0.07
Aug.
1975
1.04d
0.10
0.70
<0.02
Sept.l974
5.66
0.05
0.84
0.06
Sept.l975
0.75
<0.02
c
c
Oct.
1974
0.46
0.03
0.70
0.03
Oct. 1975
0.73
<0 02
e
6
Nov.
1974
0.66
0.05
c
c
Nov.
1975
0.65
0.05
c
c
Dec. 1974
0.77
0.08
0.70
0.04
Dec. 1975
0.77
0.06
0.74
0.06
Mean 1974
0.75
0.07
0.79
0.04
Mean 1975
0.72
0.04
0.76
0.03
Mean 1976e
0.71
0.06
0.74
0.09
      
m
o
o
‘
m
Information from Reference (4).
Not analyzed.
Not sampled.
Not included in mean for year.
discharge from the nuclear station, then the corresponding
would also have been elevated.
From Reference (8).
If this elevated value were due to a
Cs value
137
 
 
 
 
 P;: ?p TABLE 6 11-4
RADIONUCLIDES IN UPPER FIVE CENTIMETRES OF
LAKE HURON SEDIMENTS, 197Aa
       
pCi/g DRY SEDIMENT
137CS 125Sb 144Ce
Lake Huron (Range of <0.01 — 2.43 <0.01 — 0.06 <0.01 - 0.40
10 Shipek Grab Samples)
Georgian Bay (Range of <0.05 - 5.59 <0.01 — 0.20 <0.01 — 0.16
6 Shipek Grab Samples)
a. Information from Reference (5).
TABLE 6.11-5
LAKE HURON AND GEORGIAN BAY SEDIMENTS, 197Aa
      
 
 
LOCATION INTEGRATED pci/cm2 OF CORE
NORTH WEST
LATITUDE LONGITUDE DATE 13703 1253b 1'*"Ce
43°47'48" 82°05'48" 4 July 1974 20.72 0.40 0.32
43°47'42" 82°20'36" 5 July 1974 2.75 0.07 0.06
44°14'12" 83°00'18" 5 July 1974 6.34 0.25 b
45°35'54" 83°25'20" 6 July 1974 5.81 0.13 b
45°01'57" 82°02'18" 6 July 1974 5.79 0.19 0.06
44°59'55" 80°31'50" 11 July 1974 4.71 0.03 0.23
44°40'31" 80°07'21" 10 July 1974 4.90 b 0.03
45°20'18" 81°22'42" 11 July 1974 4.48 0.15 b
44°46'00" 80°52'33" 9 July 1974 3.26 0.15 0.20
45°32'59" 81°02'30" 11 July 1974 0.83 b b
a. Information from References (3) and (4).
b. Below detection limit.
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 137
C
s
L
E
V
E
L
S
I
N
L
A
K
E
H
U
R
O
N
P
L
A
N
K
T
O
N
T
A
B
L
E
6
.
1
1
-
6
AND FISH, 1975a
 
L
O
C
A
T
I
O
N
LEVELS
OF
1370s
NORTH WEST
LATITUDE
LONGITUDE
DATE
SPECIMEN
pCi/g
FRESH
pCi/g
DRIED
45°06'18"
82°27'54"
25
Apr.
1975
plankton
—
l.22i.16
44°19'42"
82°36'22"
26
Apr.
1975
plankton
—
0.70i.20
43°31'52"
81°55'17"
29
Apr.
1975
plankton
—
0.3li.2l
Douglas
Point
23
Apr.
1975
Sucker
O.lli.Ol
0.39i.02
Douglas
Point
24
May
1975
Drum
0.01i.01
0.05i.02
Douglas
Point
23
Apr.
1975
Pike
O.24i.01
0.94i.03
    
a. Information from Reference
(4).
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D
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ra
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r
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st
ry
.
Th
is
de
ve
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pm
en
t
wi
ll
be
ma
in
ly
on
th
e
On
ta
ri
o
sh
or
el
in
e.
Th
e
Br
uc
e
si
te
,
ne
ar
Do
ug
la
s
Po
in
t,
wi
th
30
00
MW
of
el
ec
tr
ic
al
ge
ne
ra
ti
ng
ca
pa
ci
ty
,
ca
me
on
st
re
am
in
19
76
an
d
wi
ll
be
fo
ll
ow
ed
by
a
fu
rt
he
r
30
00
MW
in
19
83
.
An
ot
he
r
si
te
on
th
e
No
rt
h
Ch
an
ne
l
wi
th
an
ot
he
r
34
00
MW
ha
s
be
en
pr
op
os
ed
fo
r
op
er
at
io
n
in
ab
ou
t
19
88
.
On
th
e
Mi
ch
ig
an
si
de
of
th
e
la
ke
,
a
16
40
MW
st
at
io
n
is
pl
an
ne
d
at
Mi
dl
an
d
wh
ic
h
is
80
km
up
st
re
am
fr
om
th
e
Sa
gi
na
w
Ri
ve
r
mo
ut
h.
Th
e
Ca
na
di
an
ge
ne
ra
ti
ng
st
at
io
ns
us
e
de
ut
er
iu
m—
mo
de
ra
te
d
CA
ND
U
re
ac
to
rs
wh
ic
h
pr
od
uc
e
hi
gh
in
ve
nt
or
ie
s
of
3H
in
th
e
he
av
y
wa
te
r
mo
de
ra
to
r
an
d
he
at
tr
an
sp
or
t
sy
st
em
s.
3H
ac
co
un
ts
fo
r
th
e
ma
jo
r
fr
ac
ti
on
of
ra
di
oa
ct
iv
it
y
di
sc
ha
rg
ed
fr
om
Ca
na
di
an
nu
cl
ea
r
po
we
r
st
at
io
ns
.
Th
e
co
nc
en
tr
at
io
n
of
3H
in
La
ke
Hu
ro
n
fr
om
nu
cl
ea
r
po
we
r
ge
ne
ra
ti
on
is
ex
pe
ct
ed
to
re
ac
h
ab
ou
t
10
00
pC
i/
l
by
20
00
(6
)
wh
ic
h
wo
ul
dp
ro
du
ce
a
TE
Ds
o
of
No
.2
mr
em
to
an
in
di
vi
du
al
dr
in
ki
ng
th
e
la
ke
wa
te
r.
Ot
he
r
ra
di
on
uc
li
de
s,
ma
in
ly
13
7C
s
an
d
13
1+
Cs
,
di
sc
ha
rg
ed
fr
om
Ca
na
di
an
re
ac
to
rs
on
La
ke
Hu
ro
n
an
d
U.
S.
re
ac
to
rs
on
La
ke
Mi
ch
ig
an
ar
e
pr
ed
ic
te
d
to
pr
od
uc
e
a
TE
Ds
o
of
W0
.0
02
mr
em
by
th
e
ye
ar
20
50
(7)
in
in
di
vi
du
al
s
dr
in
ki
ng
wa
te
r
fr
om
La
ke
Hu
ro
n.
Th
e
su
m
of
th
es
e
do
se
s
an
d
th
at
fr
om
re
ma
in
in
g
go
Sr
,
as
su
mi
ng
no
fu
rt
he
r
we
ap
on
s
te
st
in
g,
wi
ll
pr
od
uc
e
a
TE
Ds
o
of
m0
.5
mr
em
in
20
00
.
CONCLUSIONS
Th
e
im
pa
ct
of
nu
cl
ea
r
po
we
r
de
ve
lo
pm
en
t
al
on
g
th
e
sh
or
es
of
La
ke
Hu
ro
n
on
th
e
wa
te
r
qu
al
it
y
of
th
e
la
ke
wi
ll
be
mi
ni
ma
l
in
th
e
pr
ed
ic
ta
bl
e
fu
tu
re
.
Th
e
pre
sen
t
rad
iol
ogi
cal
dos
e
of
0.5
mre
m r
ece
ive
d
ann
ual
ly
by
an
ind
ivi
dua
l
dri
nki
ng
the
wat
er
is
exp
ect
ed
to
rem
ain
rea
son
abl
y c
ons
tan
t a
t l
eas
t
unt
il
2000
.
Alt
hou
gh
the
lev
el
of
nat
ura
lly
occ
urr
ing
226
Ra
at
the
mou
th
of
the
Ser
pen
t R
ive
r i
s h
igh
er
tha
n O
nta
rio
's
cri
ter
ion
for
sur
fac
e w
ate
r s
upp
lie
s,
the
con
cen
tra
tio
n h
as
dec
lin
ed
as
a r
esu
lt
of
aba
tem
ent
pro
ced
ure
s w
hic
h h
ave
been
impl
emen
ted
at t
he E
llio
t La
ke u
rani
um m
ine
tail
ings
pond
s s
ince
1965
.
Howe
ver,
the
adeq
uacy
of t
hese
prog
rams
to e
vent
uall
y ac
hiev
e co
mpli
ance
with
the criterion is not known. The efficacy of these remedial measures will
become more important as mining operations increase to meet the needs of the
expanding nuclear economy. Continued surveillance of the lake water, sediments,
and biota for radionuclides will be necessary in the vicinity of the nuclear
power stations and the Serpent River mouth to ensure that trends in their
levels anddistribution occur as predicted.
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Begin, Mrs. S.
Jessup, Mrs. P.
Marshall, Mrs. B.
O
MI
NI
ST
RY
OF
TH
E
EN
VI
RO
NM
EN
T
TORONTO, ONTARIO
Ha
mb
ly
,
Ms
.
S.
Sm
it
h,
Ms
.
R.
Lo
bs
in
ge
r,
Mi
ss
T.
So
ko
ly
k,
Ms
.
V.
I
N
T
E
R
N
A
T
I
O
N
A
L
J
O
I
N
T
C
O
M
M
I
S
S
I
O
N
WINDSOR, ONTARIO
Kassa, Mrs. P. J.
Verzosa, Mrs. T. M.
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 SYSTEME
SI PREFIXES
MULTIPLYING FACTOR
1000000000 = 109
1000000 = 106
1000 = 103
0.01 = 10‘2
0.001 = 10—3
0.000001 = 10-6
0 000000001 = 10'9
0
00
00
00
00
00
01
=
10
-1
2
B
A
S
E
,
S
U
P
P
L
E
M
E
N
T
A
R
Y
,
QUANTITY
mass
mass
length
area
volume
time
time
time
time
temperature
pressure
power
energy
electric potential
electric conductance
n
u
c
l
e
a
r
d
i
s
i
n
t
e
g
r
a
t
i
o
n
s
radiation dosage
DERIVED,
 
 
 
INTERNATIONAL D ’UNITES (SI)
PREFIX SYMBOL
giga— G
mega- M.
kilo- k
centi- c
milli— m
micro- u
nano- n
pico— p
AND RELATED UNITS
NA
ME
SY
MB
OL
EQ
UI
VA
LE
NT
gram g
to
nn
e
t
l
t
=
10
00
kg
metre m
he
ct
ar
e
ha
1
ha
=
10
,0
00
m2
li
tr
e
2
se
co
nd
.
3
ho
ur
h
d
a
y
d
y
e
a
r
a
d
e
g
r
e
e
C
e
l
s
i
u
s
°C
p
a
s
c
a
l
P
a
watt W
joule
volt V
Si
em
en
s
1
S
=
1
t
h
c
u
r
i
e
C
i
rS
nt
ge
n
re
m
re
m
=
ra
nt
ge
n
eq
ui
-
valent man
687
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i
j
CO
NV
ER
SI
ON
OF
SI
UN
IT
S
T0
FO
OT
/P
OU
ND
UN
IT
S
1
kg
=
2.
20
5
po
un
ds
1
m
=
3.
28
1
fe
et
1
ha
=
2.
47
1
ac
re
s
1
2
=
0.
22
00
Ca
na
di
an
ga
ll
on
s
1
2
=
0.
26
42
U.
S.
ga
ll
on
s
1
m3
/s
=
35
.3
1
cu
bi
c
fe
et
pe
r
se
co
nd
1
m3
/s
=
19
.0
1
mi
ll
io
n
Ca
na
di
an
ga
ll
on
s
pe
r
da
y
l
m3
/s
=
22
.8
2
mi
ll
io
n
U.
S.
ga
ll
on
s
pe
r
da
y
0°C = 32°F
1
C°
=
1.
8
F°
(i
nt
er
va
l)
100 kPa = 1 bar
1
W
=
3.
41
2
Bt
u
pe
r
ho
ur
1
J
=
9.
47
9
Bt
u
(I
nt
er
na
ti
on
al
Ta
bl
e)
1 J = 0.2388 calories
1
Ci
=
3.7
X
10
10
nu
cl
ea
r
di
si
nt
eg
ra
ti
on
s
pe
r
se
co
nd
  
688
  
 WWW [E
WMHI IIIIMIIY BIIIIHIIA, SIANIIAIIIIS.
IIBJH'JWES, Mill Elllﬂlllﬂls
  
  
 ORGANIZATION
Appendix C lists criteria, standards, objectives, and guidelines applied
to Upper Lakes waters or its denizens. To display this material, parameters
are listed in alphabetical order. For each parameter, up to six categories of
uses to be protected are Specified and the appropriate agency material listed
under each. The format is:
PARAMEIEB CA 0 Y IIEM
In a
lpha
beti
cal
Raw
Wate
r
Agre
emen
t Ob
ject
ive
ord
er
Dri
nki
ng
wat
er
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Recreation U.S. Water Quality Criteria
Fish and Aquatic Life U.S. Drinking Water Standard
Dre
dgi
ng
Can
adi
an
Fed
era
l S
tan
dar
d o
r
Consumers of Fish and Guideline
Aqu
ati
c
Lif
e
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
Michigan State Standard
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Standard
or Criteria
Ontario Provincial Drinking
Water Objective
U.
S.
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
Ontario Provincial Marine
Construction Guidelines
U.S. FDA Guidelines
Canada Health Protection
Guidelines
 
In
Wi
sc
on
si
n,
dr
in
ki
ng
wa
te
r
st
an
da
rd
s
es
se
nt
ia
ll
y
fo
ll
ow
th
e
U.
S.
dr
in
ki
ng
wa
te
r
st
an
da
rd
s;
wi
th
ad
eq
ua
te
tr
ea
tm
en
t,
ra
w
Su
rf
ac
e
in
ta
ke
wa
te
r
is
to
co
nf
or
m
to
d
r
i
n
k
i
n
g
w
a
t
e
r
st
an
da
rd
s.
M
i
c
h
i
g
a
n
dr
in
ki
ng
wa
t
e
r
st
an
da
rd
s
c
o
n
f
o
r
m
w
i
t
h
U
.
S
.
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
.
M
i
c
h
i
g
a
n
r
a
w
s
u
r
f
a
c
e
w
a
t
e
r
s
t
a
n
d
a
r
d
s
at
i
n
t
a
k
e
p
i
p
e
l
o
c
a
t
i
o
n
s
a
r
e
i
d
e
n
t
i
c
a
l
t
o
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
.
A
p
p
e
n
d
i
x
C
i
s
i
n
t
e
n
d
e
d
t
o
b
e
g
e
n
e
r
a
l
.
F
o
r
a
c
o
m
p
l
e
t
e
d
e
s
c
r
i
p
t
i
o
n
o
f
e
a
c
h
i
t
e
m
c
o
n
s
u
l
t
t
h
e
s
o
u
r
c
e
s
o
f
i
n
f
o
r
m
a
t
i
o
n
,
l
i
s
t
e
d
a
t
t
h
e
e
n
d
o
f
t
h
e
a
p
p
e
n
d
i
x
.
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6
9
2
   
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
AC
ID
IT
Y
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Add
iti
on
of
wea
kly
ass
oci
ate
d a
cid
s a
nd
alk
ali
es
- t
oxi
cit
y b
ioa
ssa
y.
ALD
RIN
(Se
e a
lso
Die
ldr
in)
Ra
w
wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e
an
d
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e
an
d
ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Dr
in
ki
ng
Wa
te
r
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e
an
d
ac
ce
pt
ab
le
:
Max
imu
m p
erm
iss
ibl
e:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
US
Wat
er
Qua
lit
y
Cri
ter
ia
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Co
ns
um
er
s
of
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
FDA
Gui
del
ine
abs
ent
no
t
de
te
ct
ab
le
0.
01
7
mg
/1
abs
ent
0.
01
7
mg
l£
0.
01
7
mg
/£
no
t
de
te
ct
ab
le
0.
01
7
mg
l£
0.
00
1
mg
/2
0.
00
3
Ug
/l
not
exc
eed
1/1
0
to
1/1
00
of
48—
hou
r
TLm
0.3
ug/
g
in
edi
ble
por
tio
n o
f
fis
h
and
she
llf
ish
.
AL
DR
IN
PL
US
DI
EL
DR
IN
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Con
sum
ers
of
Fis
h a
nd
Aqu
ati
c L
ife
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e:
0.
00
1
ug
/l
0.
3
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
.
ALKAL
INITY
Ra
w
wa
te
r
US
Wat
er
Qua
lit
y
Cri
ter
ia
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Acc
ept
abl
e:
Fis
h a
nd
Aqu
ati
c L
ife
Can
adi
an
Fed
era
l G
uid
eli
nes
Onta
rio
Prov
inci
al
Crit
eria
220
ug/
£.
Nor
mal
to
nat
ura
l w
ate
r:
30
to
500
mg/
l.
30
to
50
0
mg
/2
Not
to
be
dec
rea
sed
bel
ow
nat
ura
l l
eve
l
by
mor
e
tha
n
25%
.
Aci
d s
hou
ld
not
be
add
ed
in
suf
fic
ien
t q
uan
tit
y
to
low
er
the
tot
al
alkalinity to <20 mg/£
    
  
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
AL
KY
L
BE
NZ
EN
E
SU
LF
ON
AT
E
(AB
S)
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
e:
Rec
rea
tio
n
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ma
xi
mu
m
li
mi
t:
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
0
.
5
m
g
/
l
0.
5
mg
/Q
(l
es
s
th
an
fo
am
th
re
sh
ol
d)
<0
.0
5
mg
/E
as
AB
S
eq
ui
va
le
nt
2.
0
mg
/i
as
AB
S
eq
ui
va
le
nt
Co
nc
en
tr
at
io
n
of
co
nt
in
uo
us
ex
po
su
re
sh
ou
ld
no
t
ex
ce
ed
1/
7
of
48
—h
ou
r
TL
m.
Du
ra
ti
on
no
t
ex
ce
ed
in
g
24
ho
ur
s:
1
mg
/Q
.
Co
nc
en
tr
at
io
n
at
an
y
ti
me
or
pl
ac
e
sh
ou
ld
no
t
ex
ce
ed
1/
7
of
48
—h
ou
r
TL
m.
AM
MO
NI
A
6
9
3
  
Ra
w
Wa
te
r
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
(a
s
N)
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Can
adi
an
Fed
era
l
Gui
del
ine
s
(as
N)
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
Mi
ch
ig
an
St
at
e
St
an
da
rd
(t
ot
al
am
mo
ni
a)
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
(as
N)
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
(a
s
N
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
(U
m—
io
ni
ze
d)
Mi
ch
ig
an
St
at
e
St
an
da
rd
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
 
To
ta
l
am
mo
ni
a
sh
ou
ld
no
t
ex
ce
ed
0.
50
mg
/Q
<0
.0
1
mg
/l
0
.
5
m
g
/
Z
0
01
m
g
/
l
0
.
5
m
g
/
l
0
50
m
g
/
2
<0
.0
1
mg
/Q
0
.
5
m
g
/
£
0
.
0
1
mg
/S
Z.
0
.
5
m
g
/
l
Un
-i
on
iz
ed
NH
3
sh
ou
ld
no
t
ex
ce
ed
0.
02
0
mg
/l
0.
02
mg
/l
An
ap
pl
ic
at
io
n
fac
tor
of
96
-h
our
TLm
.
0.
2
mg
/Q
<7
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
75
-2
00
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
>2
00
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
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PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
ARS
ENI
C
Ra
w
Wa
te
r
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Des
ira
ble
:
Per
mis
sib
le:
Dr
in
ki
ng
wa
te
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Ob
je
ct
iv
e
Per
mis
sib
le:
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Ma
xi
mu
m:
Mic
hig
an
Sta
te
Sta
nda
rd
Wisc
onsi
n St
ate
Stan
dard
Fis
h a
nd
Aqu
ati
c
Lif
e
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Dr
ed
gi
ng
EPA
Dre
dgi
ng
Gui
del
ine
s
Non
pol
lut
ed:
Mod
era
tel
y P
oll
ute
d:
Hea
vil
y P
oll
ute
d:
Cons
umer
s o
f Fi
sh
and
Aqua
tic
Life
Cana
da H
ealt
h P
rote
ctio
n G
uide
line
Tota
l a
rsen
ic
in u
nfil
tere
d w
ater
samp
le
shou
ld
not
exce
ed
0.05
mg/l
ab
se
nt
0
.
0
5
m
g
/
l
not
de
te
ct
ab
le
0.
01
mg
/£
0.
05
mg
/£
0.
05
mg
/l
0.
01
mg
/l
abs
ent
0.
05
mg
/i
0.0
5
mg
/2
0.0
5
mg
/l
no
t
de
te
ct
ab
le
0.
01
mg
/E
0.
05
mg
/l
0.
05
mg
/£
0.
1
mg
/i
Env
iro
nme
nta
l l
eve
l u
nde
r a
ny
cir
cum
sta
nce
s s
hou
ld
not
exc
eed
For
cont
inuo
us
expo
sure
to
arri
ve
at
a sa
fe
conc
entr
atio
n t
he
fac
tor
is
1/1
00
of
96-
hou
r T
Lm.
<3
mg/
kg
(dr
y w
eig
ht
bas
is)
3—8
mg/k
g (
dry
weig
ht
basi
s)
>8
mg/
kg
(dr
y w
eig
ht
bas
is)
5 ug
/g
in m
arin
e a
nd
fres
h wa
ter
anim
al
prod
ucts
.
0.01
mg/l.
appli
catio
n
 
ASBE
STOS
 
Raw
Wate
r
Prop
osed
Agre
emen
t O
bjec
tive
 
Lowe
st p
ract
icab
le l
evel
.
 
  
6
9
5
PA
RA
ME
TE
R
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
 
BACT
ERIA
Ra
w
Wa
te
r
Ag
re
em
en
t
Ob
je
ct
iv
e
A
c
c
e
p
t
a
b
l
e
:
Ma
xi
mu
m:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ge
om
et
ri
c
me
an
of
no
t
le
ss
th
an
5
sa
mp
le
s
ta
ke
n
ov
er
no
t
mo
re
th
an
a
30
—d
ay
pe
ri
od
sh
ou
ld
no
t
ex
ce
ed
1,
00
0/
10
0
ml
to
ta
l
co
li
fo
rm
,
no
r
20
0/
10
0
m
l
fe
ca
l
co
li
fo
rm
.
95
%
of
th
e
sa
mp
le
s
in
an
y
co
ns
ec
ut
iv
e
30
—d
ay
pe
ri
od
sh
ou
ld
ha
ve
a
to
ta
l
co
li
fo
rm
de
ns
it
y
of
<1
00
/1
00
ml
.
(9
0%
of
sa
mp
le
s)
<1
,0
00
/1
00
ml
(9
0%
of
sa
mp
le
s)
<5
,0
00
/1
00
ml
Mi
ch
ig
an
St
at
e
St
an
da
rd
To
ta
l
Co
li
fo
rm
Fe
ca
l
Co
li
fo
rm
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
Fe
ca
l
Co
li
fo
rm
:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
10
,0
00
/1
00
2,
00
0/
10
0
10
MP
N/
lO
O
m
l
m
l
m
l
 
Co
li
fo
rm
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Fe
ca
l
Co
li
fo
rm
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Fe
ca
l
St
re
pt
oc
oc
ci
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
To
ta
l
Ba
ct
er
ia
De
si
ra
bl
e:
P
e
r
m
i
s
s
i
b
l
e
:
Cl
os
tr
id
ia
De
si
ra
bl
e:
P
e
r
m
i
s
s
i
b
l
e
:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
 
<
1
0
0
/
1
0
0
m
l
5
,
0
0
0
/
1
0
0
m
l
<
1
0
/
1
0
0
m
l
5
0
0
/
1
0
0
m
l
<
l
/
1
0
0
m
l
5
0
/
1
0
0
m
l
<1,000
/100 m
l
1
0
0
,
0
0
0
/
1
0
0
m
l
0
/
1
0
0
m
l
5
0
/
1
0
0
m
l
Wh
en
me
mb
ra
ne
fi
lt
er
te
ch
ni
qu
e
is
us
ed
:
(1
)
Ar
it
hm
et
ic
me
an
of
al
l
sa
mp
le
s
ex
am
in
ed
no
t
ex
ce
ed
1/
10
0
ml
mo
nt
h.
(2
)
Wh
en
<2
0
ar
e
ex
am
in
ed
pe
r
mo
nt
h,
in
mo
re
th
an
on
e
sa
mp
le
no
t
ex
ce
ed
4/
10
0
ml
.
(3
)
Wh
en
20
or
mo
re
ar
e
ex
am
in
ed
pe
r
mo
nt
h,
in
mo
re
th
an
5%
of
th
e
sa
mp
le
s
no
t
ex
ce
ed
4/
10
0
ml
.
Wh
en
th
e
fe
rm
en
ta
ti
on
tu
be
me
th
od
an
d
10
ml
st
an
da
rd
po
rt
io
ns
ar
e
us
ed
,
co
li
fo
rm
ba
ct
er
ia
sh
al
l
no
t
be
pr
es
en
t:
(1
)
In
mo
re
th
an
10
%
of
th
e
po
rt
io
ns
in
an
y
mo
nt
h.
(2
)
Wh
en
<2
0
ar
e
ex
am
in
ed
pe
r
mo
nt
h,
in
mo
re
th
an
on
e
sa
mp
le
.
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PA
RA
ME
TE
R
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
:
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
 
BAC
TER
IA
(co
nt'
d)
 
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
(c
on
t'
d)
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Re
cr
ea
ti
on
Ag
re
em
en
t
Ob
je
ct
iv
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
To
ta
l
Co
li
fo
rm
s
Ob
je
ct
iv
e:
Ma
xi
mu
m
Li
mi
t:
Fe
ca
l
Co
li
fo
rm
s
Ob
je
ct
iv
e:
Ma
xi
mu
m
Li
mi
t:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Fe
ca
l
Co
li
fo
rm
s
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
Fe
ca
l
Co
li
fo
rm
 
(3
)
Wh
en
20
or
mo
re
ar
e
ex
am
in
ed
pe
r
mo
nt
h,
in
mo
re
th
an
52
of
th
e
sa
mp
le
s.
Wh
en
th
e
fe
rm
en
ta
ti
on
tu
be
me
th
od
an
d
10
0
ml
st
an
da
rd
po
rt
io
ns
ar
e
us
ed
,
co
li
fo
rm
ba
ct
er
ia
sh
al
l
no
t
be
pr
es
en
t:
(1
)
In
mo
re
th
an
60
%
of
th
e
po
rt
io
ns
in
an
y
mo
nt
h.
(2
)
W
h
e
n
<5
ar
e
ex
am
in
ed
pe
r
mo
nt
h,
in
m
o
r
e
th
an
on
e
sa
mp
le
.
(3
)
Wh
en
fi
ve
or
mo
re
ar
e
ex
am
in
ed
pe
r
mo
nt
h,
in
mo
re
th
an
20
2
of
th
e
sa
mp
le
s.
Sa
me
as
U.
S.
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Wh
en
a
mi
ni
mu
m
of
tw
o
di
st
ri
bu
ti
on
sy
st
em
sa
mp
le
s
of
10
0
ml
ea
ch
ar
e
ex
am
in
ed
ea
ch
we
ek
by
mo
st
pr
ob
ab
le
nu
me
r
(M
PN
)
me
th
od
or
a
me
mb
ra
ne
fi
lt
er
(M
F)
me
th
od
:
(1
)
Fe
ca
l
Co
li
fo
rm
s:
Fe
ca
l
St
re
pt
oc
oc
cu
s:
Pa
th
og
en
s
(e
.g
.
Ps
eu
do
mo
na
s
ae
ru
gi
no
sa
):
0/
10
0
ml
To
ta
l
Co
li
fo
rm
s:
5/
10
0
ml
Ex
ce
ss
es
re
qu
ir
e
im
me
di
at
e
ac
ti
on
in
cl
ud
in
g
ad
di
ti
on
al
sa
mp
li
ng
fo
ll
ow
ed
by
ch
lo
ri
na
ti
on
to
a
to
ta
l
ch
lo
ri
ne
re
si
du
al
of
0.
5
mg
/l
or
a
fr
ee
ch
lo
ri
ne
re
si
du
e
of
0.
2
mg
/l
at
en
d
of
di
st
ri
bu
ti
on
sy
st
em
an
d
po
ss
ib
le
is
su
an
ce
of
bo
il
-w
at
er
or
de
r.
(2
)
Di
st
ri
bu
ti
on
sy
st
em
sh
ou
ld
be
in
sp
ec
te
d
if
to
ta
l
co
li
fo
rm
s
in
th
e
ra
ng
e
of
1—
4/
10
0
ml
ar
e
fo
un
d
in
>5
Z
of
mo
nt
hl
y
sa
mp
le
s,
or
if
ae
ro
mo
na
s
sp
.
or
cl
os
tr
id
ia
pe
rf
un
ge
us
ar
e
>0
in
mo
re
th
an
10
2
of
mo
nt
hl
y
sa
mp
le
s.
Re
me
di
al
ac
ti
on
as
in
(1
)
ma
y
be
re
qu
ir
ed
.
0
/
1
0
0
m
l
0
/
1
0
0
m
l
su
bs
ta
nt
ia
ll
y
fr
ee
In
a
30
-d
ay
pe
ri
od
in
<1
0%
of
th
e
sa
mp
le
s
>h
00
/1
00
ml
<1
00
MP
N/
lO
O
ml
50
0
M
P
N
/
l
O
O
m
l
<2
0
M
P
N
/
I
O
O
m
l
20
0
MP
N/
lO
O
ml
<2
00
/1
00
ml
fo
r
to
ta
l
bo
dy
co
nt
ac
t
wa
te
rs
<1
00
0/
10
0
ml
fo
r
al
l
ot
he
r
wa
te
rs
20
0
ME
N/
10
0
ml
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7
PARAMETER USE AN
D AGEN
CY
CRIT
ERIA
; S
TAND
ARDS
; O
BJE
CTI
VES
; A
ND
GUI
DEL
INE
S
BACTERIA (cont’d)
Recreation (cont'd)
Wisconsin State Standard
Fecal Coliform
Ontario Provincial Criteria
SZOO/lOO m2
. Not fewe
r than 5 sa
mples colle
cted per mo
nth.
Not to exceed 400/100
mi in more than 10% o
f samples.
In a geometric mean c
onsisting of at least
10 samples per month,
including
weekend samples, bact
eria concentrations m
ust not exceed:
Total C
oliform:
1000/100
mi
Fecal Colif
orm: 1
00/100 ml
Enterococcus: 20/100 mi
 
BARIUM
 
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
Maximum permissible:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Maximum permissible:
Ontario Provincial Drinking Water
Objective
Permis
sible:
Dred
ging
EPA Dredging Guidelines
Nonpolluted:
Moderately Polluted:
Heavily Polluted:
 
absent
1.0
mg/SL
not detectable
<l.0
mg/£
1.0
mg/
Q
1.0
mg/
E
absent
1.0
mg/Q
1.0
mg/Q
not detectable
<1.0
mg/£
1.0 mg/K
1.0 mg/l
<20 mg/kg (dry weight basis)
20—60 mg/kg (dry weight basis)
>60 mg/kg (dry weight basis)
 
   
6
9
8
  
PA
RA
ME
TE
R
USE
AND
AG
EN
CY
CRITERIA:
STA
NDA
RDS
;
OBJEC
TIVES
;
AN
D
GU
ID
EL
IN
ES
BO
RO
N
Raw
wate
r
US
Wat
er
Qua
lit
y
Cri
ter
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
Pe
rm
is
si
bl
e:
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Per
mis
sib
le:
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
Pe
rm
is
si
bl
e:
0
.
7
5
0
m
g
/
Q
1.
0
mg
/Q
<
5
.
0
m
g
/
i
5
.
0
m
g
/
£
0
.
5
m
g
/
Q
absent
1.
0
mg
/l
<5
.0
mg
/l
5.
0
mg
/l
 
CAD
MIU
M
 
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
Pe
rm
is
si
bl
e:
Min
nes
ota
Sta
te
Sta
nda
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
s
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
Pe
rm
is
si
bl
e:
Wis
con
sin
Sta
te
Sta
nda
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
e
 
0.
01
mg
/l
0.
01
mg
/l
no
t
de
te
ct
ab
le
<0
.0
1
mg
/l
0
.
0
1
m
g
/
l
0.
01
mg
/R
abs
ent
0.
01
mg
/l
0.
01
mg
/R
no
t
de
te
ct
ab
le
<0
.0
1
mg
/Q
0
.
0
1
m
g
/
R
0.
01
mg
/R
0.
01
mg
/Q
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9
PARAMETER
USE AN
D AGEN
CY
CRI
TER
IA,
STA
NDA
RDS
, O
BJE
CTI
VES
, A
ND
GUI
DEL
INE
S
CADM
IUM
(con
t'd.
)
Fish
and A
quati
c Lif
e
Propo
sed
Agree
ment
Objec
tive
.Canad
ian Fe
deral
Guidel
ines
Onta
rio
Prov
inci
al
Crit
eria
Dredging
EPA Dr
edging
Guidel
ines
Hea
vil
y P
oll
ute
d:
Tot
al
cad
miu
m,
in
unf
ilt
ere
d w
ate
r s
amp
le,
sho
uld
not
exc
eed
0.2
Ug/
Q.
Inc
ipi
ent
LCS
Q v
alu
es
for
rai
nbo
w t
rou
t
TH
ran
ge
fro
m 3
9 t
o 3
0,5
00
ug/
£,
as
tot
al
10
mg/
2
har
dne
ss
(TH
) r
ang
es
fro
m 1
0 t
o 1
000
500
mg/
Q
mg/
K;
cri
ter
ia
fac
tor
is
0.5
of
inc
ipi
ent
100
0 m
g/Q
LCso
value
not
to
exc
eed
1/5
00
of
96—
hou
r T
Lm.
>6
mg
/k
g
(dr
y
we
ig
ht
ba
si
s)
Cd
1.95 Ug/i
5
5
0
u
g
/
Q
1
5
2
5
u
g
/
t
CALCIUM
Raw Water
Cana
dian
Fede
ral
Guid
elin
es
Obj
ect
ive
:
Accep
table
:
Drinki
ng wat
er
Canadian
Drinking
Water O
bjective
s
Obj
ect
ive
:
Acc
ept
abl
e:
<7
5
mg
/K
20
0
mg
/Q
<7
5
mg
/Q
20
0
mg
/l
CA
RB
ON
DI
OX
ID
E
Fish
and
Aqua
tic
Life
US
Wat
er
Qua
lit
y C
rit
eri
a
absent
 
CAR
BON
CHL
ORO
FOR
M E
XTR
ACT
 
Raw
Wate
r
US
Wat
er
Qua
lit
y C
rit
eri
a
De
si
ra
bl
e:
Permis
sible:
Min
nes
ota
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Drin
king
Wate
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Wis
con
sin
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Obj
ect
ive
s
 
0
04
mg
/l
0.1
5
mg
/£
o
2
mg
/K
<o
.o
a
mg
/E
0.1
5
mg
/z
0
2
mg
/K
0.7
mg
/2
0.2
mg
/Z
 
7
0
0
       
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
C
R
I
T
E
R
I
A
;
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
CH
EM
IC
AL
OX
YG
EN
DE
MA
ND
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
On
ta
ri
o
Pr
ov
in
ci
al
Ma
ri
ne
Co
ns
tr
uc
ti
on
Gui
del
ine
s
<
4
0
,
0
0
0
m
g
/
k
g
(d
ry
w
e
i
g
h
t
ba
si
s)
4
0
,
0
0
0
-
8
0
,
0
0
0
m
g
/
k
g
(d
ry
w
e
i
g
h
t
b
a
s
i
s
)
>
8
0
,
0
0
0
m
g
/
k
g
(d
ry
w
e
i
g
h
t
ba
si
s)
50
,0
00
m
g
/
k
g
(d
ry
we
ig
ht
ba
si
s)
CH
LO
HD
AN
E
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
ab
se
nt
0
.
0
0
3
m
g
/
l
no
t
de
te
ct
ab
le
0.
00
3
mg
/l
0
.
0
0
3
m
g
/
Q
abs
ent
0
.
0
0
3
m
g
/
R
no
t
de
te
ct
ab
le
0
.
0
0
3
m
g
/
z
0.
00
3
mg
/K
0.
06
0
ug
/2
no
t
to
ex
ce
ed
1/
10
to
1/
10
0
of
48
—h
ou
r
TL
m
CH
LO
RI
DE
  
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
<
2
5
m
g
/
Q
2
5
0
m
g
/
1
<2
50
mg
/R
2
5
0
m
g
/
1
<
5
0
m
g
/
Q
<
1
2
5
m
g
/
z
5
0
m
g
/
l
(m
on
th
ly
av
er
ag
e)
fo
r
Gr
ea
t
La
ke
s
wa
te
rs
(m
on
th
ly
av
er
ag
e)
fo
r
al
l
ot
he
r
wa
te
rs
  
 PAR
AME
TER
USE
AND
AGE
NCY
CRIT
ERIA
, S
TAND
ARDS
; O
BJE
CTI
VES
; A
ND
GUI
DEL
INE
S
CHL
ORI
DE
(co
nt’
d.)
Raw
Wat
er
(co
nt'
d.)
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
De
si
ra
bl
e:
<2
5
mg
/l
Pe
rm
is
si
bl
e:
25
0
mg
/l
Dri
nki
ng
Wat
er:
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
25
0
mg
/2
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e:
<2
50
mg
/l
Ac
ce
pt
ab
le
:
25
0
mg
/2
Wis
con
sin
Sta
te
Sta
nda
rd
250
mg/
2
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
25
0
mg
/l
CHL
ORI
NE
Dri
nki
ng
Wat
er
US
Dri
nki
ng
Wat
er
Sta
nda
rd
no
les
s
tha
n 0
.2
mg/
K
Fish
and
Aqua
tic
Life
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
0.0
02
mg/
Z
Mic
hig
an
Sta
te
Sta
nda
rd
Sen
sit
ive
Fis
h:
an
app
lic
ati
on
fac
tor
of
96—
hou
r
TLm
.
Wa
rm
Wa
te
r
Fis
h:
an
ap
pl
ic
at
io
n
fac
tor
of
96
‘h
ou
r
TLm
.
7
0
1
CH
LO
HO
PH
EN
OX
Y
GR
OU
P
{(
2,
4-
Dr
in
ki
ng
Wa
te
r
DI
CH
LO
RO
PH
EN
OX
YJ
AC
ET
IC
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
0.1
mg
/Q
AVI
D)
Wi
sc
on
si
n
Sta
te
St
an
da
rd
0.0
2
mg
/Z
for
(2
,A
—d
ic
hl
or
op
he
no
xy
)a
ce
ti
c
aci
d
0.
03
mg
/l
for
(2
,A
,5
—t
ri
ch
lo
ro
ph
en
ox
y)
ac
et
ic
aci
d
Fis
h a
nd
Aqu
ati
c
Lif
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
0.]
mg
/Q
CH
RO
MI
UM
Ra
m
Wa
te
r
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Tot
al
chr
omi
um
in
unf
ilt
ere
d
wat
er
sam
ple
not
to
exc
eed
0.0
5
mg/
Q
US
Wa
te
r
Qua
lit
y
Cr
it
er
ia
0.0
5
mg
/Q
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Obj
ect
ive
:
not
de
te
ct
ab
le
Acc
ept
abl
e:
<0.
05
mg
/Q
Ma
xi
mu
m
Per
mis
sib
le:
0.0
5
mg
/Q
Mi
ch
ig
an
St
at
e
St
an
da
rd
0.
02
mg
/Q
Mi
nn
es
ot
a
Sta
te
Sta
nda
rd
0.0
5
mg/
Q
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Des
ira
ble
:
abs
ent
Per
mis
sib
le:
0.0
5
mg/
l
     
   
7
0
2
PA
RA
ME
TE
R
US
E
A
N
D
A
G
E
N
C
Y
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
CHR
OMI
UM
(co
nt’
d.)
D
r
i
n
k
i
n
g
W
a
t
e
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
O
b
j
e
c
t
i
v
e
:
A
c
c
e
p
t
a
b
l
e
:
Ma
xi
mu
m
Pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
M
i
n
n
e
s
o
t
a
St
at
e
St
an
da
rd
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
O
b
j
e
c
t
i
v
e
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
M
i
n
n
e
s
o
t
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
St
an
da
rd
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
0
.
0
5
m
g
/
l
no
t
d
e
t
e
c
t
a
b
l
e
<
0
.
0
5
m
g
/
l
0
.
0
5
m
g
/
K
0
.
0
5
m
g
/
l
0
.
0
5
m
g
/
£
0
.
0
5
m
g
/
l
0
.
0
5
m
g
/
Q
Co
al
—c
ok
in
g
wa
st
es
:
fr
es
hw
at
er
fi
sh
0.
02
to
0.
1
mg
/l
Co
al
—t
ar
wa
st
es
:
fr
es
hw
at
er
fi
sh
0.
02
to
0.
1
mg
/Q
0
.
0
2
m
g
/
l
no
t
ex
ce
ed
1/
10
0
of
96
—h
ou
r
TL
m
<2
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
25
-7
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
>7
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
 
CO
LO
UR
VA
LU
E
R
a
w
W
a
t
e
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
D
e
s
i
r
a
b
l
e
:
Pe
rm
is
si
bl
e:
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Mi
ch
ig
an
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Re
cr
ea
ti
on
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ma
xi
mu
m
Li
mi
t:
 
1
0
u
n
i
t
s
7
5
u
n
i
t
s
15
un
it
s
Co
lo
r
to
in
te
rf
er
e
wi
th
pu
bl
ic
ri
gh
ts
:
no
t
pr
es
en
t
15
un
it
s
<5
TC
U
un
it
s
15
TC
U
un
it
s
75
un
it
s
5
un
i
t
s
<
1
5
u
n
i
t
s
1
0
0
u
n
i
t
s
  
  
7
0
3
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
COLO
UR
VALU
E (
cont
’d.)
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Min
nes
ota
Sta
te
Sta
nda
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
(P
la
ti
nu
m
co
ba
lt
st
an
da
rd
)
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
10
%
li
gh
t
tr
an
sm
is
si
on
30
un
it
s
<5
un
it
s
75 u
nits
 
COP
PER
 
Raw
Wate
r
US
Wat
er
Qua
lit
y
Cri
ter
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Min
nes
ota
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
e
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
Can
adi
an
Fed
era
l G
uid
eli
nes
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
Nonpol
luted:
 
.0
mg
/l
0
m
g
/
l
0
01
m
g
/
l
1.
0
mg
/E
1
0
mg
/l
vi
rt
ua
ll
y
ab
se
nt
1
.
0
m
g
/
l
<0
.0
1
mg
/%
1.
0
mg
/£
1.
0
mg
/l
1.
0
mg
/R
To
ta
l
co
pp
er
in
un
fi
lt
er
ed
wa
te
r
sa
mp
le
not
to
ex
ce
ed
0.
00
5
mg/
l.
In
ci
pi
en
t
LC5
0
va
lu
es
for
ra
in
bo
w
tro
ut
TH
ran
ge
fro
m
30
to
123
0
ug/
ﬁ,
as
Tot
al
10—
60
mg/
2
Ha
rd
ne
ss
ra
ng
es
fr
om
10
to
100
0
mg/
i;
60
—1
20
mg
/l
cri
ter
ia
fac
tor
s
are
0.1
3
(TH
<60
mg/
l),
120
-10
00
mg/
l
0.0
8
(TH
=
61
—12
0
mg/
Q),
and
0.0
3
(TH
>12
0 m
g/l
)
of
LCS
O
val
ue
0.0
1
mg
/l
or
not
gr
ea
te
r
tha
n
0.1
of
96
—h0
ur
TL
m
Cu
3.
9—
16
.5
ug
/ﬁ
16
.5
-1
7.
8
ug
/Q
17
.8
—36
.9
ug
/R
Max
imu
m
con
cen
tra
tio
n a
t
any
tim
e o
r
pla
ce
<l/
12
of
96-
hou
r
TLm
.
For
con
tin
uou
s
exp
osu
re
— m
axi
mum
3—7
Z o
f
96—
hou
r
TLm
.
<2
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
 
7
0
4
   
PA
RA
ME
TE
R USE
AND
AGE
NCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
CO
PP
ER
(c
on
t’
d.
)
Dred
ging
(con
t’d.
)
Mod
era
tel
y P
oll
ute
d:
Hea
vil
y P
oll
ute
d:
25
—5
0
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
>5
0
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
CY
AN
ID
E
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Des
ira
ble
:
Per
mis
sib
le:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
ive
:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
Max
imu
m
per
mis
sib
le:
Wis
con
sin
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Fis
h a
nd
Aqu
ati
c L
ife
Pro
pos
ed
Agr
eem
ent
obj
ect
ive
Dred
ging
EPA
Dre
dgi
ng
Gui
del
ine
s
Non
pol
lut
ed:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
Hea
vil
y P
oll
ute
d:
abs
ent
0.
2
mg
/l
not
dete
ctab
le
0.
01
mg
/£
0.
20
mg
/l
abs
ent
0
.
2
m
g
/
£
0.
01
mg
/l
abs
ent
0
.
2
m
g
/
R
0.
2
mg
/l
no
t
de
te
ct
ab
le
0
.
0
1
m
g
/
l
0.
20
mg
/l
0.
2
m
g
/
K
0.
01
mg
/R
Fre
e
cya
nid
e
in
unf
ilt
ere
d
wat
er
sam
ple
sho
uld
not
exc
eed
0.0
05
mg/
l.
<0
.1
0
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
0.1
0-0
.25
mg/
kg
(dr
y w
eig
ht
bas
is)
>0
.2
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
 
DD
T
 
Ra
w
Wa
te
r
US
Wat
er
Qua
lit
y
Cri
ter
ia
Des
ira
ble
:
Permissible:
 
abs
ent
0.00
1m8/
1
  
 7
0
5
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
DDT (
cont’d
.)
Raw
Wat
er
(co
nt'
d.)
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Ont
ari
o P
rov
inc
ial
Gui
del
ine
Des
ira
ble
:
Per
mis
sib
le:
Dr
in
ki
ng
Wa
te
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
and
acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Wisc
onsi
n St
ate
Stan
dard
Fish
and
Aqua
tic
Life
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Cons
umer
s o
f Fi
sh
and
Aqua
tic
Life
Can
ada
Hea
lth
Pro
tec
tio
n G
uid
eli
ne
not
dete
ctab
le
0.
04
2
mg
/Q
0.
04
2
mg
/l
absent
0.
04
2
mg
/l
rec
omm
end
ed
0.0
5
mg/
K
not
dete
ctab
le
0.
04
2
mg
/l
0.0
5
mg/
l
not
to
ex
ce
ed
1/1
0
to
1/1
00
of
48
-h
ou
r
TL
m
5
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
.
DD
T
PL
US
ME
TA
BO
LI
TE
S
Fish
and
Aqua
tic
Life
Propo
sed A
greem
ent O
bject
ive
Cons
umer
s o
f Fi
sh a
nd A
quat
ic
Life
Prop
osed
Agre
emen
t O
bjec
tive
FDA Gu
idelin
e
0.
00
3
ug
/i
1.0
ug/
g
in
who
le
fis
h o
n
a w
et
wei
ght
bas
is.
5.0
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
for
eac
h o
r a
ny
com
bin
ati
on
of
DDT
,
DD
E,
an
d
DD
D.
DI
AZ
IN
ON
Fish
and
Aqua
tic
Life
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
In u
nfil
tere
d w
ater
samp
le
shou
ld n
ot
exce
ed
0.08
ug/R
.
 
DI
EL
DR
IN
(S
ee
al
so
Al
dr
in
)
 
Raw
Wate
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Can
adi
an
Fed
era
l
Gui
del
ine
s
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Mic
hig
an
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
De
si
ra
bl
e:
Permissible:
 
0.0
1
mg
/Q
not
dete
ctab
le
0.
01
7
mg
/R
0.
01
7
mg
/Q
abs
ent
0.017 mg/Z
 
 
 7
0
6
  
P
A
R
A
M
E
T
E
R
U
S
E
A
N
D
A
G
E
N
C
Y
C
R
I
T
E
R
I
A
;
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
D
I
E
L
D
R
I
N
(
c
o
n
t
'
d
.
)
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
C
a
n
a
d
i
a
n
D
r
i
n
k
i
n
g
W
a
t
e
r
O
b
j
e
c
t
i
v
e
s
O
b
j
e
c
t
i
v
e
an
d
A
c
c
e
p
t
a
b
l
e
:
M
a
x
i
m
u
m
p
e
r
m
i
s
s
i
b
l
e
:
W
i
s
c
o
n
s
i
n
St
at
e
St
an
da
rd
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
C
o
n
s
u
m
e
r
s
o
f
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
FD
A
Gu
id
el
in
e
ab
se
nt
r
e
c
o
m
m
e
n
d
e
d
<
0
.
0
0
3
m
g
/
£
n
o
t
d
e
t
e
c
t
a
b
l
e
0
.
0
1
7
m
g
/
l
0
.
0
0
1
m
g
/
l
n
o
t
t
o
e
x
c
e
e
d
1
/
1
0
t
o
1
/
1
0
0
o
f
4
8
-
h
o
u
r
T
L
m
0
.
3
u
g
/
g
i
n
e
d
i
b
l
e
p
o
r
t
i
o
n
o
f
f
i
s
h
a
n
d
s
h
e
l
l
f
i
s
h
.
D
I
S
S
O
L
V
E
D
M
A
T
E
R
I
A
L
S
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
US
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
1
5
0
0
m
g
/
l
 
D
I
S
S
O
L
V
E
D
O
X
Y
G
E
N
 
R
a
w
W
a
t
e
r
Ag
re
em
en
t
Ob
je
ct
iv
e
U
S
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
D
e
s
i
r
a
b
l
e
:
P
e
r
m
i
s
s
i
b
l
e
:
M
i
c
h
i
g
a
n
S
t
a
t
e
S
t
a
n
d
a
r
d
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
C
r
i
t
e
r
i
a
D
e
s
i
r
a
b
l
e
:
P
e
r
m
i
s
s
i
b
l
e
:
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
Ag
re
em
en
t
Ob
je
ct
iv
e
P
r
o
p
o
s
e
d
Ag
re
em
en
t
Ob
je
ct
iv
e
M
i
c
h
i
g
a
n
S
t
a
t
e
S
t
a
n
d
a
r
d
M
i
n
n
e
s
o
t
a
St
at
e
St
an
da
rd
 
Up
pe
r
wa
t
e
r
s
of
la
ke
s
no
t
le
ss
th
an
6.
0
mg
/ﬁ
.
n
e
a
r
s
a
t
u
r
a
t
i
o
n
m
o
n
t
h
l
y
m
e
a
n
2
4
.
0
m
g
/
l
i
n
d
i
v
i
d
u
a
l
s
a
m
p
l
e
3
3
.
0
m
g
/
£
6.
0
mg
/l
,
mi
ni
mu
m
in
Gr
ea
t
La
ke
s,
co
nn
ec
ti
ng
ch
an
ne
ls
,
an
d
tr
Ou
t
wa
te
rs
5.
0
mg
/Q
,
da
il
y
av
er
ag
e
fo
r
al
l
ot
he
r
wa
te
rs
ex
ce
pt
in
la
nd
la
ke
s
4.
0
mg
/l
,
ab
so
lu
te
mi
ni
mu
m
fo
r
al
l
ot
he
r
wa
te
rs
ex
ce
pt
in
la
nd
la
ke
s
5
.
0
—
6
.
0
m
g
/
Q
f
o
r
i
n
l
a
n
d
l
a
k
e
s
n
e
a
r
s
a
t
u
r
a
t
i
o
n
m
o
n
t
h
l
y
m
e
a
n
2
4
.
0
m
g
/
R
I
n
d
i
v
i
d
u
a
l
s
a
m
p
l
e
2
3
.
0
m
g
/
£
Hy
po
li
mn
et
ic
wa
te
rs
no
t
le
ss
th
an
ne
ce
ss
ar
y
to
su
pp
or
t
fi
sh
li
fe
.
(1
)
Sh
ou
ld
be
no
t
le
ss
th
an
(m
g/
l)
=
1.
41
M
-
0.
04
76
M2
-
1.
11
,
wh
er
e
M
=
na
tu
ra
l
mi
ni
mu
m
an
d
as
su
me
d
to
be
sa
tu
ra
ti
on
un
le
ss
sc
ie
nt
if
ic
da
ta
sh
ow
th
at
n
a
t
ur
a
l
le
ve
ls
we
r
e
le
ss
th
an
sa
tu
ra
ti
on
in
th
e
ab
se
nc
e
of
ma
n—
ma
de
ef
fe
ct
s.
(2
)
Sh
ou
ld
no
t
be
le
ss
th
an
6
mg
/ﬁ
.
6
.
0
m
g
/
2
Fr
om
Oc
to
be
r
ls
t
th
ro
ug
h
Ma
y
Bl
st
no
t
le
ss
th
an
7.
0
mg
/i
.
O
t
h
e
r
t
i
m
e
s
n
o
t
le
ss
t
h
a
n
6
.
0
m
g
/
l
.
  
 7
0
7
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
DI
SS
OL
VE
D
OX
YG
EN
(c
on
t'
d.
)
Fis
h
and
Aqu
ati
c
Lif
e
(co
nt'
d.)
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
5.
0
mg
/l
ex
ce
pt
tr
ou
t
(6
.0
mg
/Q
),
an
d
7.
0
mg
/l
in
sp
aw
ni
ng
se
as
on
.
Wa
rm
wa
te
r
bi
ot
a—
at
al
l
ti
me
s
sh
ou
ld
be
ab
ov
e
5.
0
mg
/Q
.
Co
ld
wa
te
r
bi
ot
a
—
sp
aw
ni
ng
ar
ea
s
no
t
le
ss
th
an
7.
0
mg
/Q
.
Co
ld
wa
te
r
bi
ot
a
-
ot
he
r
ar
ea
s
no
t
le
ss
th
an
6.
0
mg
/Q
.
In
ce
rt
ai
n
si
tu
at
io
ns
,
wh
en
ot
he
r
wa
te
r
qu
al
it
y
co
nd
it
io
ns
ar
e
fa
vo
ra
bl
e,
co
nc
en
tr
at
io
ns
ma
y
ra
ng
e
fo
r:
Wa
rm
wa
te
r
bi
ot
a
— b
et
we
en
4.
0—5
Co
ld
wa
te
r
bi
ot
a
-
be
tw
ee
n
5.
0—
6.
DI
SS
OL
VE
D
SO
LI
DS
(se
e a
lso
"To
tal
Dis
sol
ved
Solids")
Ra
w
Wa
te
r
Mic
hig
an
Sta
te
Sta
nda
rd
(al
l
wat
ers
)
Wis
con
sin
Sta
te
Sta
nda
rd
Mo
nt
hl
y
av
er
ag
e
—
no
t
to
ex
ce
ed
50
0
mg
/2
.
At
an
y
ti
me
—
no
t
to
ex
ce
ed
75
0
mg
/2
.
Mo
nt
hl
y
av
er
ag
e
-
no
t
to
ex
ce
ed
50
0
mg
/2
.
At
an
y
ti
me
—
no
t
to
ex
ce
ed
75
0
mg
/2
.
END
OSU
LFA
N
Fish
and
Aqua
tic
Life
US W
ater
Qual
ity
Crit
eria
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
0.
00
3
Ug
/Q
no
t
to
ex
ce
ed
1/
10
to
l/
lO
O
of
48
—h
ou
r
TL
m
END
RIN
 
Ra
w
Wa
te
r
US
Wat
er
Qua
lit
y
Cri
ter
ia
Des
ira
ble
:
Per
mis
sib
le:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
and
pe
rm
is
si
bl
e:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
 
abs
ent
0.
2
ug
/R
no
t
de
te
ct
ab
le
0.
00
1
mg
/Q
abs
ent
0.
00
1
mg
/l
0.
00
02
mg
/l
not
de
te
ct
ab
le
0.
00
1
mg
/z
0.
00
05
mg
/l
   
7
0
8
  
PA
RA
ME
TE
R
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
ENDRIN (cont’d.)
Fish
and
Aqua
tic
Life
Prop
osed
Agre
emen
t O
bjec
tive
Mic
hig
an
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Cons
umer
s o
f F
ish
and
Aqua
tic
Life
Prop
osed
Agre
emen
t O
bjec
tive
FDA Gu
idelin
e
0
.
0
0
2
u
g
/
Q
an
ap
pl
ic
at
io
n
fa
ct
or
of
96
-h
ou
r
TL
m.
no
t
to
ex
ce
ed
1/
10
to
1/
10
0
of
48
—h
ou
r
TL
m.
0.
3
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
.
0.
3
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
an
d
sh
el
lf
is
h.
FLOA
TING
MATE
RIAL
S
Ra
w
Wa
te
r
Mic
hig
an
Sta
te
Sta
nda
rd
(al
l w
ate
rs)
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Fish
and
Aqua
tic
Life
Agr
eem
ent
Obj
ect
ive
US
Wat
er
Qua
lit
y C
rit
eri
a
abs
ent
Fl
oa
ti
ng
or
su
bm
er
ge
d
de
br
is
,
oi
l,
sc
um
,
or
ot
he
r
ma
te
ri
al
sh
al
l
be
ab
se
nt
Wa
te
rs
sh
ou
ld
be
fr
ee
fr
om
un
si
gh
tl
y
or
de
le
te
ri
ou
s
am
ou
nt
s.
All
flo
ati
ng
mat
eri
als
of
for
eig
n
ori
gin
sho
uld
be
exc
lud
ed.
FLUO
RIDE
Ra
w
Wa
te
r
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
US
Wat
er
Qua
lit
y C
rit
eri
a
Can
adi
an
Fed
era
l G
uid
eli
nes
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Max
imu
m p
erm
iss
ibl
e:
Min
nes
ota
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Dr
in
ki
ng
Wa
te
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Cana
dian
Drin
king
Wate
r O
bjec
tive
s
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Maximum
permissible:
Tot
al
flu
ori
de
in
unf
ilt
ere
d
wat
er
sam
ple
sho
uld
not
exc
eed
1.2
mg/
Q.
Rec
omm
end
s n
o d
esi
rab
le
con
cen
tra
tio
ns.
mg
/Q
mg
/l
mg
/Z
m
g
/
l
Ann
ual
ave
rag
e o
f m
axi
mum
dai
ly
air
tem
per
atu
re:
10
.0
-1
2.
05
°C
re
co
mm
en
de
d
1.7
mg
/l
12
.1
-1
4.
6°
C
re
co
mm
en
de
d
1.5
mg
/l
14.
7—1
7.7
°C
rec
omm
end
ed
1.3
mg/
Q
1.
1.2
i0.
1
.
1.
N
r
-
l
t
ﬁ
l
n
Te
mp
er
at
ur
e
in
°C:
12.
0 a
nd
bel
ow
1 8
mg/
Q
12.
1
to
14.
6
1
7 m
g/
2
14.
7 t
o 1
7.6
1.5
mg/
Q
17.
7
to
21.
4
1 A
mg
/l
21.
5 t
o 2
6.2
1 2
mg/
2
26.
3 t
o 3
2.5
1 l
mg/
Z
1.
2
mg
/l
1.
2
t
0.
2
mg
/l
1.5
mg/Q
    
 P
A
R
A
M
E
T
E
R
US
E
A
N
D
A
G
E
N
C
Y
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
A
N
D
G
U
I
D
E
L
I
N
E
S
 
FL
UO
RI
DE
(co
nt'
d.)
Dr
in
ki
ng
Wa
te
r
(c
on
t'
d.
)
Mi
ch
ig
an
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
‘
Wh
er
e
fl
uo
ri
de
is
na
tu
ra
ll
y
pr
es
en
t:
Av
er
ag
e
co
nc
en
tr
at
io
n:
Pe
rm
is
si
bl
e:
Wh
er
e
fl
uo
ri
de
is
ad
de
d:
Re
co
mm
en
de
d:
Pe
rm
is
si
bl
e
ran
ge:
Te
mp
er
at
ur
e
in
°C
:
12
.0
an
d
be
lo
w
1
8
mg
/l
12
.1
to
14
.6
1
7
mg
/£
14
.7
to
17
.6
1.
5
mg
/l
17
.7
to
21
.4
1.
4
mg
/K
21
.5
to
26
.2
1
2
mg
/z
1
1
26
.3
to
32
.5
mg
/£
2
mg
/l
.4
m
g
/
Q
.0
m
g
/
l
8
to
1
.
2
m
g
/
£
GU
TH
IO
N
Fis
h a
nd
Aqu
ati
c
Lif
e
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
In
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
0.
00
5
pg
/Q
.
 
HE
PT
AC
HL
OR
 
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
 
ab
se
nt
abs
ent
not
de
te
ct
ab
le
0.
01
8
mg
/Q
0.
01
8
mg
/Q
abs
ent
0
.
0
1
8
m
g
/
R
\
.
Th
e
pe
rs
is
te
nc
e,
bi
oa
cc
um
ul
at
io
n
po
te
nt
ia
l,
an
d
ca
rc
in
og
en
ic
it
y
ca
ut
io
ns
hu
ma
n
ex
po
su
re
to
a
mi
ni
mu
m.
no
t
de
te
ct
ab
le
0
.
0
1
8
m
g
/
l
0.
00
1
mg
/Q
no
t
to
ex
ce
ed
1/
10
to
1/
10
0
of
AS
—h
ou
r
TL
m
 
7
1
0
  
PARA
METE
R
USE
AN
D
AG
EN
CY
CRI
TER
IA;
STA
NDA
RDS
,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
HEP
TAC
HLO
R P
LUS
HEPT
ACHL
OR E
POXI
DE
Fish and Aq
uatic Life
Propos
ed Agr
eement
Object
ive
Consum
ers o
f Fish
and Aq
uatic
Life
Propos
ed Agr
eement
Object
ive
FDA Guideline
0.
00
1
ug
/R
0.
3
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
.
0.3
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
and
sh
ell
fi
sh
.
HEPTACH
LOR EPO
XIDE Raw
Wate
r
US W
ater
Qual
ity
Crit
eria
Desir
able:
Permis
sible:
Cana
dian
Fede
ral
Guid
elin
es
Obje
ctiv
e an
d Ac
cept
able
:
Max
imu
m
per
mis
sib
le:
Onta
rio
Prov
inci
al
Crit
eria
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Cana
dian
Drin
king
Wate
r Ob
ject
ives
Obj
ect
ive
and
Acc
ept
abl
e:
Maxim
um pe
rmiss
ible
Wiscon
sin St
ate St
andard
abs
ent
0.
01
8
mg
/Q
not de
tectab
le
0.0
18
mg/
£
absent
0.0
18
mg/
2
0.0
001
mg/
Q
not detectable
0.
01
8
lug
/9.
0.
00
01
mg
/S
L
HERBI
CIDES
 
Raw
wate
r
US Wat
er Qua
lity C
riteri
a
Desirable:
Permis
sible:
Canadi
an Fed
eral G
uideli
nes
Object
ive an
d Acce
ptable
:
Max
imu
m p
erm
iss
ibl
e:
Ontari
o Prov
incial
Criter
ia
Desir
able:
Permis
sible:
Fish and Aq
uatic Life
Ontari
o Prov
incial
Criter
ia
abs
ent
0.
1
mg
/i
not detectable
0.
10
0
mg
/l
absent
0.
1
mg
/2
not
to ex
ceed
1/10
to l/
100 o
f 48—
h0ur
TLm
    
  
7
1
1
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GUI
DEL
INE
S
HY
DR
OG
EN
SU
LF
ID
E
Ra
w
wa
te
r
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Acc
ept
abl
e:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
(Gr
oun
d
Water
Supply
)
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Fish
and
Aqua
tic
Life
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Mic
hig
an
Sta
te
Sta
nda
rd
Dredging
EPA
Dred
ging
Guid
elin
es
not
de
te
ct
ab
le
0
.
3
m
g
/
2
abs
ent
0.
1
mg
/l
not
dete
ctab
le
0
.
3
m
g
/
2
un
di
ss
oc
ia
te
d
H2
8
sh
ou
ld
no
t
ex
ce
ed
0.
00
2
mg
/Q
.
an
ap
pl
ic
at
io
n
fa
ct
or
of
96
—h
ou
r
TLm
.
te
st
s
re
co
mm
en
de
d
IMM
EDI
ATE
OXY
GEN
DEM
AND
Dred
ging
EPA
Dred
ging
Guid
elin
es
te
st
s
re
co
mm
en
de
d
 
IR
ON
 
Ra
w
Wa
te
r
Agr
eem
ent
Obj
ect
ive
US
Wat
er
Qua
lit
y C
rit
eri
a
(fi
lte
rab
le)
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
(d
is
so
lv
ed
)
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
(fi
lte
rab
le)
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
(diss
olved
)
Ob
je
ct
iv
e:
Acceptable:
 
no
t
to
ex
ce
ed
0.
3
mg
/£
vir
tua
lly
abs
ent
0
.
3
m
g
/
l
<o
.0
5
mg
/R
,
0.
3
mg
/Q
0.
3
mg
/z
0.
3
mg
/l
vir
tua
lly
abs
ent
0.
3
mg
/l
0.
3
mg
/i
<0
.0
5
mg
/R
0.
3
mg
lg
 
 7
1
2
 
PA
RA
ME
TE
R
USE AN
D AGEN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
IRON (
cont’d
.)
Drinki
ng Wat
er (co
nt’d.)
Wiscon
sin St
ate St
andard
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Objectives
Fish
and
Aqua
tic
Life
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
Dredging
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
0.
3
mg
/2
0
.
3
m
g
/
2
Tot
al
iro
n i
n u
nfi
lte
red
wat
er
sam
ple
not
to
exc
eed
0.3
mg/
l.
<l7
,00
0 m
g/k
g (
dry
wei
ght
bas
is)
17,
000
—25
,00
0 m
g/k
g (
dry
wei
ght
bas
is)
>25
,00
0 m
g/k
g (
dry
wei
ght
bas
is)
KEP
ONE
Co
ns
um
er
s
of
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
FD
A
Gu
id
el
in
e
0.1
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
, s
hel
lfi
sh,
and
cra
bs.
 
LE
AD
 
Ra
w
Wa
te
r
US
Wat
er
Qua
lit
y C
rit
eri
a
Des
ira
ble
:
Per
mis
sib
le:
Cana
dian
Fede
ral
Guid
elin
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m:
Min
nes
ota
Sta
te
Sta
nda
rd
Onta
rio
Prov
inci
al
Crit
eria
Desir
able:
Permis
sible:
Drin
king
Wate
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Cana
dian
Drin
king
Wate
r O
bjec
tive
s
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Max
imu
m p
erm
iss
ibl
e:
Wisc
onsi
n St
ate
Stan
dard
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Objec
tives
abs
ent
0.
05
mg
/R
not
dete
ctab
le
<0.
05
mg/
l
0.
05
mg
/2
0.
05
mg
/£
absent
0.
05
mg
/£
0.0
5
mg
/ﬁ
not
dete
ctab
le
£0
.0
5
mg
/2
0.0
5
mg
/l
0.0
5
mg
/Q
0.0
5
mg
/i
   
 7
1
3
PARA
METE
R
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
LEAD
(cont'
d.)
Dredging
EPA
Dred
ging
Guid
elin
es
Non
pol
lut
ed:
Mod
era
tel
y P
oll
ute
d:
Hea
vil
y P
oll
ute
d:
Fish
and
Aqua
tic
Life
Prop
osed
Agre
emen
t O
bjec
tive
Cana
dian
Fede
ral
Guid
elin
es
Onta
rio
Prov
inci
al
Crit
eria
Consum
ers of
Fish a
nd Aqu
atic L
ife
Canada
Health
Protec
tion G
uideli
ne
<40
mg/
kg
(dr
y w
eig
ht
bas
is)
40—
60
mg/
kg
(dr
y
wei
ght
bas
is)
>60
mg
/k
g
(dr
y w
ei
gh
t
bas
is)
Tot
al
lea
d i
n u
nfi
lte
red
wat
er
sam
ple
sho
uld
not
exc
eed
10
ug/
R
in
Lak
e S
upe
rio
r,
20
ug/
2
in
Lak
e
Hur
on,
and
25
Ug/
Z
in
all
rem
ain
ing
Gre
at
Lakes.
Inc
ipi
ent
LC5
0 v
alu
es
for
rai
nbo
w t
rou
t r
ang
e f
rom
770
to
130
0 u
g/Q
, a
s
tot
al
har
dne
ss
(TH
)
ran
ges
fro
m
10
to
60
mg/
l;
cri
ter
ia
fac
tor
is
0.1
0
of
LCS
O v
alu
e.
TH
Pb
10-
50
mg/
l
77—
130
ug/
R
At
any
tim
e n
ot
to
exc
eed
1/2
0 o
f 9
6—h
our
TLm
24—
hou
r a
ver
age
,
aft
er
mix
ing
not
to
exc
eed
1/1
00
of
96—
hou
r T
Lm.
10
Ug/
g i
n m
ari
ne
and
fre
sh
wat
er
ani
mal
pro
duc
ts.
 
LI
ND
AN
E
 
Raw
Wate
r
US W
ater
Qual
ity
Crit
eria
Desir
able:
Permis
sible:
Drin
king
Wate
r
US Dri
nking
Water
Standa
rd
Wisc
onsi
n St
ate
Stan
dard
Fish
and
Aqua
tic
Life
Propo
sed A
greem
ent O
bject
ive
Cons
umer
s o
f Fi
sh a
nd A
quat
ic
Life
Propo
sed A
greem
ent
Objec
tive
FDA
Gui
del
ine
 
abs
ent
0.
1
mg
/Z
0.
00
4
mg
/z
0.
00
5
mg
/£
0.010
ug/£
0.3
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
0.5
Ug/g
in
frog
legs
.
 
     
7
1
4
 
PA
RA
ME
TE
R
USE AN
D AGEN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
LINEAR
ALKYLA
TE SUL
FONATE
(L
AS
)
Fish and Aquatic Life
US Water Qu
ality Crite
ria
Ontari
o Pro
vincia
l Crit
eria
not
not
to
exc
eed
0.2
mg/
K o
r 1
/7
of
the
48-
hou
r
TLm
to
exc
eed
1/7
of
the
48—
hou
r T
Lm
MA
GN
ES
IU
M R
aw
Wa
te
r
Cana
dian
Fede
ral
Guid
elin
es
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Drinki
ng Wat
er
Canadian
Drinking
Water O
bjective
s
Objec
tive:
Acceptable:
<50
150
<5
0
1
5
0
mg
/2
mg/Q
mg
/2
m
g
/
2
 
MANG
ANES
E
 
Raw Water
US W
ater
Qual
ity
Crit
eria
Des
ira
ble
:
Permi
ssibl
e:
(tota
l)
Cana
dian
Fede
ral
Guid
elin
es
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
Min
nes
ota
Sta
te
Sta
nda
rd
Ontar
io Pr
ovinc
ial C
riter
ia (
filte
rable
)
Des
ira
ble
:
Per
mis
sib
le:
Drinki
ng wat
er
US D
rink
ing
Wate
r St
anda
rd
Canadi
an Dri
nking
Water
Object
ives
Objec
tive:
Acc
ept
abl
e:
Wiscon
sin S
tate S
tandar
d
Ontar
io P
rovin
cial
Drink
ing W
ater
Obj
ect
ive
s
Dred
ging
EPA Dr
edging
Guidel
ines
Non
pol
lut
ed:
Mod
era
tel
y P
oll
ute
d:
Heav
ily
Poll
uted
:
 
abs
ent
0.0
5
mg
/Q
<0.
0l
mg/
Q
0.0
5
mg
/Q
0.05
mg/R
abs
ent
0.05
mg/K
0.05
mg/l
<0.
01
mg/
ﬁ
0.05
mg/Q
0.05
mg/Z
0.05
mg/E
<300 mg
/kg (dr
y weigh
t basis
)
300—
500
mg/k
g (d
ry w
eigh
t ba
sis)
>500
mg/k
g (
dry
weig
ht
basi
s)
 
AND
GUI
DEL
INE
S
 
  
7
1
5
PARA
METE
R
USE
AND
AGE
NCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
MERCURY
Drinking water
US Drinking
Water Stand
ard
Wisconsin State Standard
Fish and Aquatic Life
Agreemen
t Objec
tive
Proposed Ag
reement Obj
ective
Ontario Provincial Criteria
Dredging
EPA Dredging Guidelines
Nonpolluted:
Heavily Polluted:
Ontario Provincial Marine Construction
Guidelines
Consumers of Fish and Aquatic LiJe
Proposed Agreement Objective
FDA Guideline
Canada Health Protection Guideline
0.002 mg/Q
0.002 mg/R
Discharg
es attr
ibutable
to human
activity
should b
e free
of
concentr
ations
that are
toxic or
harmful
to life.
Total
mercu
ry in
filte
red W
ater
sampl
e sho
uld
not e
xceed
0.2 u
g/i.
should b
e avoid
ed
<l.0 m
g/kg
(dry w
eight
basis)
>l.0 m
g/kg
(drv w
eight
basis)
0.3 mg
/kg (d
ry wei
ght ba
sis)
0.5 U
g/g i
n who
le f
ish o
n a w
et we
ight
basis
.
0.5 Ug
/g in
edible
portio
n of
fish.
oyster
s, and
clams
and sh
rimp a
nd
simi
lar
shel
lfis
h.
0.5 ug
/g in
edible
portio
n of
fish.
METHO
PRENE
Consumers of Fish and Aquatic Life
FDA Guideline
0.1 Ug/g in
edible port
ion of fish
(and pendin
g for shell
fish)
 
METHOX
YCHLOR
 
Raw
Wate
r
US Water Qu
ality Crite
ria
De
si
ra
bl
e:
Permissible:
Canadi
an Fed
eral G
uideli
nes
Object
ive an
d Acce
ptable
:
Maximum
permissi
ble:
Ontari
o Prov
incial
Criter
ia
Desir
able:
Per
mis
sib
le:
Drinking Water
US Drinking
Water Stand
ard
Canadian
Drinking
Water O
bjective
s
Objective a
nd Acceptabl
e:
Maxim
um pe
rmiss
ible:
Wisconsin State Standard
 
absent
0.1
mg/Q
not de
tectab
le
0.035 mg/R
absent
0.035 mg/R
0.1
mg/Q
not de
tectab
le
0.035
mg/i
0.1 mg/Q
 
  
 
 
 
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
METHO
XYCHL
OR (
cont’
d)
Fish
and A
quati
c Lif
e
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
0.0
40
ug/
K
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Not
to
exc
eed
1/1
0 t
o 1
/10
0 o
f 4
8-h
our
TLm
METHY
LENE
BLUE
ACTIV
E
Raw
Water
SUBST
ANCES
(MBAS
)
US Wa
ter Q
ualit
y Cri
teria
Des
ira
ble
:
vir
tua
lly
abs
ent
Perm
issi
ble:
0.5
mg/Q
Can
adi
an
Fed
era
l G
uid
eli
nes
Obje
ctiv
e:
<O.2
mg/Q
Acc
ept
abl
e:
0.5
mg/
l
Min
nes
ota
Sta
te
Sta
nda
rd
0.5
mg/
9
Onta
rio
Prov
inci
al
Crit
eria
Des
ira
ble
:
vir
tua
lly
abs
ent
Per
mis
sib
le:
0.5
mg/
R
Drin
king
Wate
r
Cana
dian
Drin
king
Wate
r O
bjec
tive
s
Obj
ect
ive
:
<O.
2 m
g/l
Acc
ept
abl
e:
0.5
mg/
R
Wis
con
sin
Sta
te
Sta
nda
rd
0.5
mg/
Q
7
1
6
MIR
EX
Con
sum
ers
of
Fis
h
and
Aqu
ati
c
Lif
‘
FDA
Gui
del
ine
0.1
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
Can
ada
Hea
lth
Pro
tec
tio
n G
uid
eli
ne
0.1
ug/
g i
n f
ish
NIC
KEL
Dre
dgi
ng
EPA
Dred
ging
Guid
elin
es
Non
pol
lut
ed:
<20
mg/
kg
(dry
wei
ght
bas
is)
Mod
era
tel
y
Pol
lut
ed:
20—
50
mg/
kg
(dr
y w
eig
ht
bas
is)
Heav
ily
Poll
uted
:
>50
mg/k
g (
dry
weig
ht
basi
s)
Fish
and
Aqua
tic
Life
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Tot
al
nic
kel
in
unf
ilt
ere
d
wat
er
sam
ple
sho
uld
not
exc
eed
0.0
25
mg/
Q.
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Not
to
exc
eed
1/5
0 o
f 9
6-h
our
TLm
.
     
 PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
,
ST
AN
DA
RD
S;
OB
JL
Ll
lV
ES
;
AN
D
CU
lD
EL
lN
ES
NIT
RAT
E
Raw
Wat
er
US
Wat
er
Qua
lit
y C
rit
eri
a (
plu
s n
itr
ite
)
Desi
rabl
e:
virt
uall
y a
bsen
t
Perm
issi
ble:
10 m
g/l
Can
adi
an
Fed
era
l G
uid
eli
ne
(as
N)
Obj
ect
ive
:
<10
mg/
R
Acc
ept
abl
e:
<10
mg/
Q
Per
mis
sib
le:
10
mg/
2
Mic
hig
an
Sta
te
Sta
nda
rd
10
mg/
2
Minn
esot
a S
tate
Stan
dard
45 m
g/2
Onta
rio
Prov
inci
al C
rite
ria
(plu
s
nitr
ite)
Desi
rabl
e:
virt
uall
y a
bsen
t
Per
mis
sib
le:
10
mg/
2
Drinking Water
US D
rink
ing
Wate
r S
tand
ard
10 m
g/2
Cana
dian
Drin
king
Wate
r Ob
ject
ives
(as
N
Obje
ctiv
e an
d Ac
cept
able
:
<10
mg/Q
Perm
issi
ble:
10 m
g/2
Wisc
onsi
n St
ate
Stan
dard
10 m
g/Q
Ontar
io Pr
ovinc
ial
Drink
ing W
ater
Obje
ctiv
es
10 m
g/1
7
1
7
ODO
UR
(See
als
o P
hen
ols
Pam
Wat
er
and
1%r
esh
oli
Odo
uﬂ)
Agr
eem
ent
Obj
ect
ive
Phe
nol
s a
nd
oth
er
tas
te
and
odo
ur
sub
sta
nce
s s
hou
ld
be
sub
sta
nti
all
v
abs
ent
.
US
Wat
er
Qua
lit
y C
rit
eri
a
Desi
rabl
e:
virt
uall
v a
bson
t
Perm
issi
ble:
reco
mmen
ds
no d
esir
able
conc
entr
atio
ns
Mich
igan
Stat
e S
tand
ard
Mate
rial
s p
rodu
cing
odou
r s
hall
not
be
pres
ent.
Min
nes
ota
Sta
te
Sta
nda
rd
Thr
esh
old
Num
ber
= 3
Wis
con
sin
Sta
te
Sta
nda
rd
Mat
eri
als
pro
duc
ing
odo
ur
sh
Drin
king
Wate
r
Can
adi
an
Fed
era
l S
tan
dar
ds
and
Dri
nki
ng
Wate
r Ob
ject
ives
Obj
ect
ive
:
0 T
.O.
N.
uni
ts
Acce
ptab
le:
2/3
of
samp
les
in 3
KO d
ay
pvti
od
(» T
w.¥.
unit
s
Max
imu
m p
erm
iss
ibl
e:
(any
sin
gle
sam
ple
)
8 l
.D
N.
uni
ts
Wiscon
sin St
ate St
andard
Thresh
old Nu
mber :
l
 
1 n
ot
be
pre
sen
t,
    
    
7
1
8
PARA
METE
R
USE AND AGENCY CRIT
ERIA
; S
TAND
ARDS
; O
BJE
CTI
VES
; A
ND
GUI
DEL
INE
S
OIL, GREASES, AND/OR
PETROCHEMICALS
Raw Water
US Water Quality Criteria
Michigan State Standard (all waters)
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
Minnesota State Standard
Dredging
EPA Dredging Guidelines (hexane solubles)
Nonpolluted:
Moderately Polluted:
Heavily Polluted:
Ontario Provincial Marine Construction
Guidelines (ether or chloroform
solubles)
virtuall
y absen
t
absent
absent
Floating or submerged
debris, oil, scum, or
other material shall b
e
absent.
virtually absent
absent
Free from floating de
bris, oil, and scum a
ttributable to dischar
ges
resulting from human a
ctivity in unsightly
or deleterious amounts
.
Oils or petrochemicals
should not be present
in concentrations that
:
(1) Can be detected as a visible surface film, sheen, or discolouration.
(2) Can be detected by odour.
(3) Can form deposits on shorelines and bottom sediments that are
detectable by sight or odour or deleterious to resident aquatic
organisms.
(4) Can cause tainting of fish or edible invertebrates.
0.5
mg/Z
<l,000 mg/kg (dry weight basis)
1,000-2000 mg/kg (dry weight basis)
>2,000 mg/kg (dry weight basis)
1,500 mg/kg (dry weight basis)
ORGANIC CONTAMINANTS,
NONPERSISTENT
Fish and Aquatic Life
Proposed Agreement Objective
Unspecified nonpersistent toxic substances should not be present in
concentrations which exceed 0.05 of the median lethal concentration
(96—hour LC50) for any sensitive local species.
 
ORGANIC CONTAMINANTS,
PERSISTENT
 
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
 
Substances should be substantially absent.
For those persistent organic contaminants for which no specific
objective has been proposed, the concentration in water should be
limited to the detection level of the best analytical method available.
  
 7
1
9
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
ORGA
NIC
CONT
AMIN
ANTS
,
PERSI
STENT
(cont
'd)
Cons
umer
s o
f F
ish
and
Aqua
tic
Life
Prop
osed
Agre
emen
t O
bjec
tive
For
tho
se
per
sis
ten
t
org
ani
c
con
tam
ina
nts
for
whi
ch
no
spe
cif
ic
obj
ect
ive
has
bee
n
pro
pos
ed,
the
con
cen
tra
tio
n
in
aqu
ati
c
org
ani
sms
sho
uld
be
lim
ite
d t
o t
he
det
ect
ion
lev
el
of
the
bes
t a
nal
yti
cal
met
hod
ava
ila
ble
.
ORGANICS
CCE+CAE
Raw
Wate
r
Cana
dian
Fede
ral
Guid
elin
es
Ob
je
ct
ive
:
Acc
ept
abl
e:
Drinki
ng wa
ter
Cana
dian
Fede
ral
Stan
dard
s
Objec
tive:
Accep
table
:
Wisconsin S
tate Standa
rd
<0.05
mg/R
0.2
mg/%
<0.
05
mg/
Q
0.2
mg/l
0.7
mg/
l f
or
CCE
3.
0
mg
/Q
fo
r
CA
E
ORGA
NIC
PHOS
PHAT
E P
LUS
CAR
BAM
ATE
S
Raw
Wate
r
Canadi
an Fed
eral G
uideli
nes
Obje
ctiv
e an
d Ac
cept
able
:
Max
imu
m p
erm
iss
ibl
e:
US W
ater
Qual
ity
Crit
eria
De
si
ra
bl
e:
Per
mis
sib
le:
Onta
rio
Prov
inci
al C
rite
ria
De
si
ra
bl
e:
Per
mis
sib
le:
Drin
king
Wate
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Wis
con
sin
Sta
te
Sta
nda
rd
not
dete
ctab
le
0.100
mg/l
abs
ent
0.
1
mg
/l
absent
0.
1
mg
/l
not
dete
ctab
le
0.
10
0
mg
/R
Conc
entr
atio
n t
o p
rodu
ce
no
grea
ter
effe
ct
than
0.1
mg/l
para
thio
n.
 
PA
RA
TH
IO
N
 
Drin
king
Wate
r
Mich
igan
Stat
e S
tand
ard
 
0.1
mg/Q
 
  
PARAMETER
USE AND AGENCY
CRIT
ERIA
; ST
ANDA
RDS,
OBJE
CTIV
ES;
AND
GUID
ELIN
ES
PERTHANE
Fish and Aquatic Life
Ontario Provincial Criteria
not to exce
ed 1/10 to
1/100 of 48
-hour TLm.
PESTICIDES, NONPERSISTENT
Raw Water
Proposed Agreement Objective
Concentrations of unsp
ecified, nonpersistent
pesticides should not
exceed 0.05 of the med
ian lethal concentrat
ion in a 96—hour test
for
any sensitive local species.
PHENOLS AND TASTE AND ODOUR Raw Water
PRODUCING SUBSTANCES
Agreement Objective
(See also Odour and
Proposed Agreement Objective
Threshold Odour)
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Accep
table
:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
Canadian Drinking Water Objectives
Objective:
Acceptable:
Ontario Provincial Drinking Water
Objectives
7
2
0
should be substantially absent.
0.001 mg/l. Also, waters should be substantially free from objectionable
taste and odour for aesthetic reasons and should not cause reduced
acceptance of edible aquatic organisms.
absent
0.001 mg/Q
not detectable
0.002
mg/z
not exceed 0.001 mg/Q
0.001
mg/£
absent
.
virtually absent
not detectable
0 002 mg/2
0.001 mg/Q
pH
Raw Water
Agreement Objective
Proposed Agreement Objective
US Water Quality Criteria
Michigan State Standard
   
; Maximum deviation of 0.5 pH units at boundary of mixing zone.
for Great Lakes Waters
for all other waters
  
  
7
2
1
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
C
R
I
T
E
R
I
A
;
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
pH
(ca
nt’
d)
Ra
w
Wa
te
r
{ca
nt'
d}
Wi
sc
on
si
n
Sta
te
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Fed
era
l
Sta
nda
rds
Ac
ce
pt
ab
le
:
Recre
ation
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
ive
:
Ra
ng
e
li
mi
t:
Pro
vin
ce
of
Ont
ari
o C
rit
eri
a
Fish
and
Aqua
tic
Life
US
Wat
er
Qua
lit
y C
rit
eri
a
Can
adi
an
Fed
era
l G
uid
eli
nes
Minn
esot
a St
ate
Stan
dard
Wisc
onsi
n St
ate
Stan
dard
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
6.
0—
9.
0;
No
ch
an
ge
ou
ts
id
e
th
e
es
ti
ma
te
d
na
tu
ra
l
se
as
on
al
ma
xi
mu
m
an
d
mi
ni
mu
m
gr
ea
te
r
th
an
0.
5
pH
un
it
s.
le
as
t
am
ou
nt
of
in
te
rf
er
en
ce
wi
th
tr
ea
tm
en
t
pr
oc
es
s.
6.0—8.5
d
no
t
ch
an
ge
be
yo
nd
ra
ng
e
6.
5—
8.
3.
6.
5—
9.
0
Ch
an
ge
ab
ov
e
na
tu
ra
l
se
as
on
al
ma
xi
mu
m
no
t
gr
ea
te
r
th
an
1.
5
pH
un
it
s.
Ch
an
ge
be
lo
w
na
tu
ra
l
se
as
on
al
mi
ni
mu
m
no
t
gr
ea
te
r
th
an
1.
5
pH
un
it
s.
Ch
an
ge
in
an
y
lo
ca
ti
on
no
t
gr
ea
te
r
th
an
2.
0
pH
un
it
s.
6.
5-
8.
5
—9
.0
—8.5
6.
6.
PH
OS
PH
AT
ES
Ra
w
Wa
te
r
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
(Fo
r)
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
<0.
2
mg
/l
0.
2
mg
/Q
 
PH
OS
PH
OR
US
(S
ee
al
so
To
ta
l
Pho
sph
oru
s)
 
Ra
m
Wa
te
r
Ag
re
em
en
t
Ob
je
ct
iv
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
 
Lim
ite
d
to
ext
ent
to
pre
ven
t
nui
san
ce
alg
ae,
wee
d,
and
sli
me
gro
wth
s
whi
ch
are
or
may
bec
ome
inj
uri
ous
to
ben
efi
cia
l
wat
er
use
.
rec
omm
end
s n
o d
esi
rab
le
con
cen
tra
tio
ns
re
co
mm
en
ds
no
de
si
ra
bl
e
co
nc
en
tr
at
io
ns
suf
fic
ien
tly
low
to
avo
id
nui
san
ce
con
dit
ion
s
not
to
enc
our
age
gro
wth
of
alg
ae.
Not
to
int
erf
ere
wit
h
tre
atm
ent
pr
oc
es
s.
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PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
PHTHALATE ESTERS
Fish
Proposed Agreement Objective
7nd
Aquatic
Life
Dibutyl
phthalate
Di(2—ethylhexyl)phthalate
Other phthalate esters
4.0 ug/l
0.6
Ug/R
0.2
Ug/Q
POLYCHLORINATED
BIPHENYLS
{PCB’3)
Consumers of Fish and Aquatic Life
Proposed Agreement Objective
FDA Guideline
Canada Health Protection Guideline
0.1 ug/g in whole fish on a wet weight basis.
5.0 ug/g in edible portion of fish and shellfish.
2 ug/g in fish.
PYRIDINE
Fish
US
and Aquatic Life
Water Quality Criteria
absent
FYHOCATECHOL
F
i
s
h
US
and Aquatic Life
Water Quality Criteria
absent
PYROGALLOL
Fish
US
and Aquatic Life
Water Quality
Criteria
absent
QUINONE
Fish
US
and Aquatic Life
Water Quality Criteria
absent
 
RADIOACTIVITY
 
Raw Water
Agreement Objective
Canadian Federal Guidelines
Objective for 168 hour week:
Acceptable for 168 hour week:
Maximum permissible for 168 hour
week:
 
lowest practicable levels
0.1 ICRP (MPC)
0.33 ICRP (MPCYw
l ICRP (MPC)w.
The objective may be achieved if gross radioactivity in
water is maintained at <10 pCi/E.
ICRP (MPC)w = International Commis—
sion on Radiological Protection Maximum Permissible Concentration in
Water.
  
  
7
2
3
 
PARA
METE
R
USE
AND
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
 
RADIOACTIVITY (cant'd)
 
Raw Water (oonr'd/
Michig
an Sta
te Sta
ndard
Minnes
ota S
tate S
tandar
d
Wiscon
sin St
ate St
andard
Ontari
o Prov
incial
Criter
ia
Desirabl
e: Cro
ss 8
226Ra
go
Sr
Permissible
: Cross 8
Drinki
ng Wat
er
Canadian
Drinking
Water Ob
jectives
Object
ive f
or 168
hour w
eek:
Accept
able
for 16
8 hour
week:
Maximum
permissi
ble for
168 hour
wee
k:
Ontario
Provinci
al Drin
king Wa
ter
Objec
tives
Gross B (90
zzeRa
eoSr
Recre
ation
Canadi
an Fed
eral G
uideli
nes
Gross Ra
dioactiv
ity
Objective:
Maximu
m limi
t:
Fish and Aq
uatic Life
Michigan St
ate Standar
d
Sr and a-em
itters abse
nt)
Ontari
o Prov
incial
Criter
ia
Cross 8
emitters
226Ra
aosr
 
In a
ccor
danc
e wi
th a
nd s
ubje
ct t
o th
e cr
iter
ia,
stan
dard
s, o
r
requ
irem
ents
pres
crib
ed b
y th
e U.
S. A
tomi
c En
ergy
Comm
issi
on a
s se
t
fort
h in
the
appl
icab
le c
ode
of F
eder
al R
egul
atio
ns,
Titl
e
Not
to e
xcee
d th
e lo
west
conc
entr
atio
ns p
ermi
tted
to b
e di
srhn
re
to a
n un
cont
roll
ed e
nvir
onme
nt a
s pr
escr
ibed
bv t
he a
ppro
pria
te
aut
ho
ri
ty.
The
crit
eria
in
the
Radi
atio
n P
rote
ctio
n C
ode,
Kisu
onsi
n A
dmi'
lFIY
dflU
U
Code
, Se
ctio
n H5
7.15
shal
l np
plv
to t
he d
ispo
sal
and
perm
1551
wli
Conc
entr
atio
ns
of
radi
oact
ive
Subs
tanv
us.
OI hart 3C.
  
<lOO
pCi/£
<l
pCi/i
<2 p
Ci/C
1000 pCi/f
3
p
C
i
/
i
lO p
Ci/Q
O. l
lCRP
(NFC
)
0.33
ICRP
(Mpc
lw
l ICR
P (N
FC) .
The o
bject
ive
may b
e ac
hieve
d if
gross
radio
nctiv
iiv
is m
aint
aine
d at
<10
pCi/
K.
1000
pCi/Q
3 p
Ci/
Q
10 p
Ci/Q
none
<10
pCi/
Q
Subject to Nuclear Reg
ulatory Commission an
d other applicable ag
ency
regulations.
100
0
pCi
/i
3 p
Ci/
R
10 p
Ci/z
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PARAMETER
USE AND AGENCY
CRITERIA;
STANDARDS
; OBJECTI
VES; AND
GUIDELINE
S
RADIONUCLIDES
Raw Water
US
Water
Quality
Criteria
No materials should be present.
SELENIUM
Raw Water
Proposed Agreement Objective
US Water
Quality
Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
Maximum permissible:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking hater
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Maximum permissible:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
Total selenium in unfiltered water sample should not exceed 0.01 mg/ﬁ.
absent
0.01 mg/Q
not detectable
<0.01 mg/Q
0.01 mg/Q
0.01 mg/l
0.01 mg/£
absent
0.01 mg/2
0.01 mg/l
not detectable
<0.0l mg/Q
0.01 mg/l
0.01 mg/Q
0.01 mg/sa
 
SETTLEABLE SOLIDS
 
Raw water
Michigan State Standard
fish
and Aquatic
Life
Agreement Objective
Proposed Agreement Objective
 
absent
Waters should be free from substances attributable to discharges
resulting from human activity that will settle to form putrescent or
otherwise objectionable sludge deposits or affect aquatic life or
waterfowl.
Waters should be free from substances attributable to discharges
resulting from human activity that will settle to form putrescent
or otherwise objectionable sludge deposits or that will alter Secchi
disk depth by more than 10%.
  
 7
2
5
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
C
R
I
T
E
R
I
A
;
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
SETTLE
ABLE S
OLIDS
(cont’
d)
Fish
and
Aqua
tic
Life
(Con
t’d)
US
Wat
er
Qua
lit
y C
rit
eri
a
Se
tt
le
ab
le
and
su
sp
en
de
d
so
li
ds
sh
ou
ld
not
re
du
ce
the
de
pt
h
of
the
co
mp
en
sa
ti
on
po
in
t
for
ph
ot
os
yn
th
et
ic
ac
ti
vi
ty
by
mo
re
tha
n
10%
fro
m
the
sea
son
abl
y
est
abl
ish
ed
nor
m
for
aqu
ati
c
lif
e.
SIL
VER
Raw
wate
r
US
Wat
er
Qua
lit
y C
rit
eri
a
De
si
ra
bl
e:
Per
mis
sib
le:
Can
adi
an
Fed
era
l G
uid
eli
nes
Max
imu
m p
erm
iss
ibl
e:
Minnes
ota St
ate St
andard
Onta
rio
Prov
inci
al C
rite
ria
De
si
ra
bl
e:
Per
mis
sib
le:
Drinki
ng Wat
er
US D
rink
ing
Wate
r St
anda
rd
Cana
dian
Drin
king
Wate
r O
bjec
tive
s
Maxim
um Pe
rmiss
ible:
Wiscon
sin St
ate St
andard
Onta
rio
Prov
inci
al D
rink
ing
Wate
r
Objec
tives
abs
ent
0.
05
mg
/l
0.05
mg/£
0.05
mg/l
absent
0.0
5
mg
/£
0.0
5
mg
/K
0.0
5
mg
/l
0.05
mg/Q
0.05
mg/l
SI
MA
ZI
NE
Con
sum
ers
of
Fis
h a
nd
Aqu
ati
c
Lif
e
FDA
Gui
del
ine
12.
0 u
g/g
in
edi
ble
por
tio
n
of
fis
h
SO
DI
UM
Drin
king
wate
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Wis
con
sin
Sta
te
Sta
nda
rd
The
adop
tion
of m
axim
um
cont
amin
ant
leve
ls
is r
ecom
mend
ed.
Info
rmat
ion
on c
once
ntra
tion
s to
be m
ade
avai
labl
e to
cons
umer
s.
 
SU
LP
HA
TE
 
Ra
w
Wa
te
r
US
Wat
er
Qua
lit
y C
rit
eri
a
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
 
<5
0
mg
/Q
25
0
mg
/Q
<2
50
mg
/R
500
mg/2
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6
PARAMETER
USE
AND
AGE
NCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
SULPHATE (Cont’d)
Raw
Water
(Cbnt’d)
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
US
Drinking Water
Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
250 mg/l
<50 mg/z
250 mg/2
Recommended that states institute monitoring programs, transients be
notified if content is high.
<250 mg/2
500 mg/2
250 mg/2
250 mg/£
SULPHIDE
Drinking
Water
Canadian Federal Standards and Drinking
Water Objectives
Objective:
Acceptable:
Dredging
EPA Dredging Guidelines
not detectable
0.3 mg/£
test recommended
 
TEMPERATURE
 
Raw water
Agreement Objective
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Michigan State Standard
 
No change to adversely affect use.
Recommends no desirable temperature.
Recommends no desirable temperature.
increase <15CO
(l)
Loads which would warm receiving waters should not be more than
3 F0 for inland lakes, 5 F0 for warm water streams, and 2 F0 for
cold water streams.
(2)
Loads which would warm receiving waters
higher than monthlv
maximum.
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PARA
METE
R
USE
AND
AG
EN
CY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
TEMPE
RATUR
E
(Cont'd)
 
Raw Wate
r (Cont
'd)
Michigan St
ate Standar
d (Cont'd)
Wisconsin S
tate Standa
rd
Ontario Pro
vincial Cri
teria
Desir
able:
Permis
sible:
Fish and Aq
uatic Life
Propos
ed Agr
eement
Object
ive
Minnesota S
tate Standa
rd
Wisconsin S
tate Standa
rd
Drinking Water
Canadian
Drinking
Water Ob
jectives
Objective:
 
(3)
Lake
Super
ior a
nd St
. Mar
vs R
iver
J
F
M
A
M
J
J
A
S
0
N
D
38
36
39
46
53
61
71
74
71
61
A9
42
Lake
Huron
north
of a
line
due e
ast
from
Tawas
Point
J F
M A
M J
J A
S O
N D
40 40
40 50
60 7O
75 8O
75 65
55 45
Lake
Huron
south
of a
line
due e
ast
from
Tawas
Point
, exc
ept
Sa
gi
na
w
Ba
y:
J F
M A
M J
J A
S 0
N
40 4
0 40
55 6
O 75
80 8
0 80
65 5
5
m
C
x
‘
r
Lake H
uron,
Sagina
w Bay:
J F
M A
M J
J A
S O
N D
45 45
45 60
7O 75
80 85
78 65
55 45
Flugtuation
s above the
nexisting n
atural temp
erature sha
ll not exce
ed
3 F f
or lak
es and
5 F f
or str
eams.
Dlga
sant
tast
ing
85
F
(1) Thermal stratific
ation and turnover da
tes should not be alt
ered.
(2) Detail
ed objectiv
e for maxim
um weekly a
verage temp
erature
addresses growth, repr
oduction and winter s
urvival.
(3) Detail
ed obiectiv
e addresses
short—term
exposure to
extreme
temperature for the season of growth and the season of reproduction
no mate
rial in
crease
no changes that may ad
versely affect aquatic
life, and no significa
nt
artificial increases w
here therg is natural
trout reproduction.
Maximum
temgerature rise of st
reams 5 F and at edg
e of mixing zones in
lakes
3 F
.
<150c
  
7
2
8
 
PARAMETER
USE AND AGENCY
CRITE
RIA,
STAND
ARDS,
OBJEC
TIVES
; AN
D GUI
DELIN
ES
THRESHOLD ODOUR
(See also Odour and
Phenols)
Raw
water
US
Water
Quality
Criteria
Desirable:
Permissible:
Minnesota
State
Standard
Wisconsin
State
Standard
Drinking
water
Ontario
Provincial
Drinking
Water
Objectives
absent
no objectionable odour; any odours present should be removed.
Threshold odour number = 3
materials nroducing odour in such amounts shall not be present.
odour number =
3
 
"TOTAL
DISSOLVED
SOLIDS"
(See
also
Dissolved
Solids)
 
Raw
water
Agreement Objective
Upper Lakes:
Lower Lakes:
Proposed Agreement Objective
US Water Quality Criteria (Filtered
residue)
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
Michigan
State
Standard
Minnesota
State
Standard
Ontario Provincial
Criteria
(Filterable
residue)
Desirable:
Permissible:
Drinking
water
US Drinking Water
Standard
Canadian Drinking Water
Objectives
Objective:
Acceptable:
Wisconsin
State
Standard
Ontario
Provincial
Drinking
Water
Objectives
Dredging
EPA
Dredging
Guidelines
 
not
to
exceed
present
levels
not
to exceed 200 mg/l.
monitor
major
ion
concentrations
in
addition
to
present
objective.
<200 mg/Q
250 mg/£
<soo mg/l
1000 mg/K
not to exceed 500 mg/2
500 mg/l
<200 mg/z
500 mg/2
£250
mg/K
(recommended)
<500 mg/l
1000 mg/l
Monthly average not to exceed 500 mg/2.
At anv time not to exceed 750 mg/l.
500 mg/l
1000 mg/£
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2
9
PARA
METE
R
USE
AND
AGE
NCY
CRI
TER
IA;
STA
NDA
RDS
; O
BJE
CTI
VES
; A
ND
GUI
DEL
INE
S
TOTAL HARDNESS Raw
wate
r
Canadian Federal Guidelines
Objec
tive:
Minnesota State Standard
Ontario Provincial Criteria
Acceptable:
Drinking water
Canadian Drinking Water Objectives
Objective:
<120
mg/£
50 m
g/2
Varies with local hydrogeologic conditions and consumer acceptance.
<120
mg/R
TOTAL KJELDAHL NITROGEN Dredging
EPA Dredging Guidelines
Nonpolluted:
Moderately Polluted:
Heavily Polluted:
Ontario Provincial Marine Construction
Guidelines
<l,OOO mg/k
g (dry weig
ht basis)
l,000—2,000 mg/kg (dry
weight basis)
>2,000 mg/kg (dry weight basis)
2,000 mg/kg (dry weight basis)
TOTAL ORGANIC CARBON Dredging
EPA Dredging Guidelines
tests re
commende
d
TOTAL PHOSPHORUS
(See
also
Phosp
horus
)
Raw Water
Michigan State Standard
Fish and Aquatic Life
US Water Quality Criteria
Dredging
EPA Dredging Guidelines
Nonpolluted:
Moderately Polluted:
Heavily Polluted:
Ontario Provincial Marine Construction
Guidelines
Sufficiently low to avoid nuisance conditions.
absent
<420 mg/kg (dry weight basis)
420—650 mg/kg (dry weight basis)
>650 mg/kg (dry weight basis)
1000 mg/kg (dry weight basis)
 
TOXAPHENE
 
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
 
absent
0.005 mg/Q
  
 7
3
0
  
PARA
METE
R
USE AN
D AGEN
CY
CRI
TER
IA;
STA
NDA
RDS
;
OBJ
ECT
IVE
S;
AND
GUIDELINES
TOXAPHEN
E (Cont
'd)
Raw Water (Cont’d)
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Ontario Provincial Criteria
Desirable:
Permis
sible:
Fish and Aquatic Life
Proposed Agreement Objective
Ontario Provincial Criteria
Drinking Water
US Drinking
Water Stand
ard
Canadian Dr
inking Wate
r Objective
Objective and Acceptable:
Maximum
permissi
ble:
Wisconsin State Standard
Consumers of Fish and
Aquatic Life
FDA Guideline
not
dete
ctab
le
0.0
05
mg/
Q
abs
ent
0.0
05
mg/
R
0.0
08
Ug/
ﬁ
not
to
exc
eed
1/1
0
to
1/1
000
of
48-
hou
r
TLm
.
0.005
mg/2
not de
tectab
le
0.005
mg/l
0.0
05
mg/
l
5.0 ug/g
in edibl
e porti
on of f
ish
 
TURBIDITY
 
Raw Water
US Water Quality Criteria
Warm water
Cold
water
Canadian Fe
deral Guide
lines
Ob
je
ct
ive
:
Michigan St
ate Standar
d
Minnesota S
tate Standa
rd
Ontario Pro
vincial Cri
teria
Desir
able:
Permissible:
Drinki
ng Wa
ter
US Drinking
Water Stand
ard
Canadian Drinking Wate
r Objectives
Obj
ect
ive
:
Acc
ept
abl
e:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
 
50 Jackson units
10 Jackson units
5 Jackson units
no quantity
to cause in
jury
5 Jackso
n units
absent
absent
Daily maxim
um = 1 unit
<l Jackson unit
5 Jackson units
1 Jackson unit
1 Jackson unit
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PARAMETER
USE
AND
AGE
NCY
CRITERIA;
STANDARDS;
OBJ
ECT
IVE
S,
-S
‘
i
J
AND
GUI
DEL
IN
 
TURBIDITY (Cont’d)
Recreation
Canadian Federal Guidelines
Objec
tive:
Maximum:
Fish and Aquatic Life
Minnesota State Standard
Ontario Provincial Criteria Associated
with waste inputs
Warm water
Cold water
Lakes:
Warm water
Cold water or oligotrophic
<5 Jackson units
50 Jacks
on units
10 Jackson units
not
to
not
to
not to
not to
exce
ed 5
0
exceed 10
exce
ed 2
5
exceed 10
Jackson
Jackson
Jackson
Jackson
units
uni t 8
uni
ts
uni
ts
URANYL ION
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Accep
table
:
Ontario Provincial Criteria
Desirable:
Permis
sible:
Drinking Water
Canadian Drinking Water Objectives
Objective:
Accep
table
:
absent
5 mg/Q
<l.O mg/l
5.0 mg/Q
absent
5 m
g/Q
<l
.0
mg
/K
5.0 mg/Q
VOLATILE
SOLIDS
 
Dredging
EPA Dredging Guidelines
Nonpolluted:
Moderate
ly Poll
uted:
Heavily Polluted:
Ontario Provincial Marine Construction
Guidelines
 
<50,000 mg/kg (dry weight basis)
50.000—80‘000 mg/kg (drv weight basis}
>80,000 mg/kg (drv weight basis)
60,000 mg/kg (drv weight basis) loss on ignition at 6000C (organic
Content)
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PARAMETER
USE
AND
AGENCY
CRITE
RIA;
STAND
ARDS;
OBJEC
TIVES
; AN
D GUI
DELIN
ES
  
ZINC
 
Paw
Eater
US
Water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective:
Acceptable:
Minnesota
State
Standard
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking Wa ter
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
Fish
and Aquatic Life
Proposed Agreement Objective
Canadian Federal Guidelines
Ontario Provincial Criteria
Dredging
EPA Dredging Guidelines
Nonpolluted:
Moderately Polluted:
Heavily Polluted:
 
absent
5 mg/l
<l.O mg/Q
5.0 mg/E
5 m
g/i
virtually absent
5 mg/£
5 mg/l
<l.0 mg/K
5.0 mg/ﬂ
5.0 mg/z
5.0
mg/Q
Total zinc in unfiltered water sample
should not
exceed
30 ug/Q.
Incipient LC50 values
for rainbow trout range
from 490
to 6700 ug/K
as total hardness ranges
from 10 to 1000 mg/Q;
criteria
factor is 0.1 of
LC50 value.
TH
10—1000 mg/£
Not
to
exceed
1/100
of 96—hour
TLm.
<90 mg/kg (dry weight basis)
90—200 mg/kg (dry weight basis)
>200 mg/kg
(dry weight basis)
Zn
4.9—67.0 mg/Q
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DEFINITIONS
1.
R
e
a
c
t
i
v
e
—
r
e
f
e
r
s
to
t
h
a
t
f
r
a
c
t
i
o
n
of
t
h
e
p
a
r
a
m
e
t
e
r
in
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
w
h
i
c
h
is
s
e
n
s
i
t
i
v
e
to
th
e
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n
a
l
yt
i
c
a
l
te
st
.
S
h
o
ul
d
be
i
m
p
l
i
c
i
t
l
y
i
n
c
l
u
d
e
d
i
n
a
n
y
n
o
m
e
n
c
l
a
t
u
r
e
.
E
x
a
m
p
l
e
:
P
O
Z
-
(
o
r
t
h
o
p
h
o
s
p
h
a
t
e
)
is
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
of
p
h
o
s
p
h
o
r
u
s
.
2.
T
o
t
a
l
—
r
e
f
e
r
s
to
t
h
e
a
m
o
u
n
t
of
t
h
e
p
a
r
a
m
e
t
e
r
in
th
e
s
a
m
p
l
e
w
h
i
c
h
,
u
n
d
e
r
t
h
e
c
o
n
d
i
t
i
o
n
s
of
t
h
e
a
n
a
l
y
t
i
c
a
l
te
st
,
is
c
o
n
v
e
r
t
e
d
i
n
t
o
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
o
f
t
h
e
p
a
r
a
m
e
t
e
r
.
T
o
t
a
l
d
o
e
s
n
o
t
n
e
c
e
s
s
a
r
i
l
y
i
m
p
l
y
t
h
a
t
a
l
l
f
o
r
m
s
o
f
t
h
e
p
a
r
a
m
e
t
e
r
p
r
e
s
e
n
t
i
n
t
h
e
s
a
m
p
l
e
h
a
v
e
b
e
e
n
c
o
n
v
e
r
t
e
d
t
o
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
.
 
E
x
a
m
p
l
e
:
T
o
t
a
l
N
i
t
r
o
g
e
n
—
T
h
e
s
u
m
m
a
t
i
o
n
o
r
d
i
r
e
c
t
m
e
a
s
u
r
e
m
e
n
t
o
f
a
l
l
f
o
r
m
s
o
f
o
r
g
a
n
i
c
a
n
d
i
n
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
i
n
t
h
e
s
a
m
p
l
e
aliquot.
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Exa
mpl
e:
Tot
al
Kje
lda
hl
Nit
rog
en
—
tot
al
ref
ers
to
onl
y
tha
t
org
ani
c
nit
rog
en
whi
ch
is
con
ver
ted
to
amm
oni
a b
y K
jel
dah
l d
ige
sti
on;
total, in this case, also includes any ammonia which was
originally present.
3.
Fil
tra
tio
n —
ref
ers
to
a p
roc
ess
whe
rei
n t
he
sam
ple
ali
quo
t i
s p
ass
ed
through a general filter media to separate the aliquot into two
portions. A number of filter media can be used; a glass fibre
filter is one common type.
4.
Filt
ered
- re
fers
to t
hat
port
ion
of t
he s
ampl
e al
iquo
t wh
ich
has
pass
ed
through the filter media; the filtrate. The type of filter media
used must be specified.
5. Dissolved — refers to that portion of the sample aliquot which has
passed through a 0.45 pm membrane. Dissolved is a special case of
filtered.
6. Soluble — a term which is often used when filtered or dissolved is
intended. Soluble can also imply a potential for dissolution if
the conditions under which the sample aliquot exists were changed.
Because of possible ambiguity, the term soluble is not used in this
report.
7. Particulate — refers to that portion of the sample aliquot which is
retained on the filter media upon filtration; the residue. The
type of filter media used must be specified.
8. Unfiltered — refers to a sample aliquot which has not been passed through
a filter media.
9. Organic — refers to the difference between the total and the inorganic
form of the parameter in the sample aliquot.
lO. Calculated — the parameter reported is not determined by a direct analy—
tical measurement but represents a sum of, or the difference between
two or more analytical measurements on other forms of the parameter
present in the sample aliquot; or is calculated from another parameter
by means of a conversion factor, e.g. specific conductance and
total dissolved solids. All calculated data must be so marked.
REPORTING UNITS
Usually only one form (the reactive form) of a parameter in a sample
aliquot is responsive to the analytical test. Therefore, there is oftentimes
no relationship between the reactive form and the reporting unit. Thus, for
convenience, most chemical parameters are reported as the element, e.g. N
rather than NH3, N03, or N02. Reporting units are given for each parameter
described below.
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NOMENCLATURE
So
me
de
sc
ri
pt
io
n
of
th
e
an
al
yt
ic
al
te
st
is
in
cl
ud
ed
in
th
e
fo
ll
ow
in
g
no
-
me
nc
la
tu
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wh
er
e
it
is
fe
lt
th
at
su
ch
de
sc
ri
pt
io
n
is
ne
ce
ss
ar
y
to
av
oi
d
am
bi
g-
ui
ty
in
th
e
te
rm
in
ol
og
y.
Wh
en
in
do
ub
t
as
to
th
e
pr
op
er
no
me
nc
la
tu
re
,
th
e
ag
en
cy
la
bo
ra
to
ry
sh
ou
ld
be
co
ns
ul
te
d.
N
I
T
R
O
G
E
N
—
R
E
P
O
R
T
AS
m
g
N
/
l
+
l.
Am
mo
ni
a
—
th
e
su
m
of
NH
q
(a
mm
on
iu
m)
an
d
NH
3
(f
re
e
am
mo
ni
a)
pr
es
en
t
in
th
e
sa
pl
e
al
iq
uo
t.
Ta
bl
es
ar
e
av
ai
la
bl
e
to
de
te
rm
in
e
ra
ti
o
of
NH
3
to
NH
“
at
th
e
ac
id
it
y
of
an
y
gi
ve
n
wa
te
r.
2.
N
i
t
r
a
t
e
—
N
0
3
-
3.
N
i
t
r
a
t
e
p
l
u
s
n
i
t
r
i
t
e
—
N
0
;
+
N
0
;
4.
To
ta
l
Kj
el
da
hl
Ni
tr
og
en
(T
KN
)
-
an
an
al
ys
is
wh
er
e
or
ga
ni
c
ni
tr
og
en
co
m-
po
un
ds
ar
e
co
nv
er
te
d
to
am
mo
ni
a
by
Kj
el
da
hl
di
ge
st
io
n,
wh
ic
h
ar
e
th
en
me
as
ur
ed
,
al
on
g
wi
th
th
e
am
mo
ni
a
wh
ic
h
wa
s
pr
es
en
t
in
th
e
sa
mp
l
al
iq
uo
t
be
fo
re
di
ge
st
io
n.
Va
ri
ou
s
in
te
rl
ab
or
at
or
y
re
co
ve
ri
es
of
ce
rt
ai
n
or
ga
ni
c
ni
tr
og
en
co
mp
ou
nd
s
ar
e
to
be
ex
pe
ct
ed
fo
r
a
Kj
el
da
hl
di
ge
st
io
n,
du
e
to
di
ff
er
en
t
me
th
od
ol
og
ie
s.
5.
Or
ga
ni
c
Ni
tr
og
en
—
an
an
al
ys
is
wh
er
e
am
mo
ni
a
is
re
mo
ve
d
pr
io
r
to
or
ga
ni
c
n
i
t
r
o
g
e
n
c
o
m
p
o
un
d
s
b
e
i
n
g
c
o
n
ve
r
t
e
d
to
a
m
m
o
n
i
a
by
K
j
e
l
d
a
h
l
di
ge
st
io
n.
M
a
y
al
so
be
c
a
l
c
u
l
a
t
e
d
by
s
ub
t
r
a
c
t
i
n
g
th
e
a
m
m
o
n
i
a
c
o
n
c
e
n
t
r
a
t
i
o
n
fr
om
t
h
e
T
K
N
v
a
l
u
e
f
o
r
th
e
s
a
m
e
s
a
m
p
l
e
.
6.
T
o
t
a
l
N
i
t
r
o
g
e
n
-
a
n
a
n
a
l
y
s
i
s
w
h
e
r
e
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
c
o
m
p
o
u
n
d
s
a
r
e
c
o
n
v
e
r
t
to
a
m
m
o
n
i
a
b
y
K
j
e
l
d
a
h
l
d
i
g
e
s
t
i
o
n
;
a
r
e
d
u
c
i
n
g
a
g
e
n
t
is
p
r
e
s
e
n
t
to
a
l
s
c
o
n
v
e
r
t
n
i
t
r
a
t
e
a
n
d
n
i
t
r
i
t
e
to
a
m
m
o
n
i
a
.
T
h
e
s
e
a
r
e
t
h
e
n
m
e
a
s
u
r
e
d
,
a
l
o
n
g
w
i
t
h
t
h
e
a
m
m
o
n
i
a
w
h
i
c
h
w
a
s
p
r
e
s
e
n
t
in
t
h
e
s
a
m
p
l
e
b
e
f
o
r
e
d
i
g
e
s
—
ti
on
.
T
o
t
a
l
n
i
t
r
o
g
e
n
m
a
y
a
l
s
o
b
e
c
a
l
c
u
l
a
t
e
d
b
y
s
u
m
m
i
n
g
n
i
t
r
a
t
e
,
n
i
t
r
i
t
e
,
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
,
a
n
d
a
m
m
o
n
i
a
.
F
i
l
t
e
r
e
d
,
d
i
s
s
o
l
v
e
d
,
o
r
u
n
f
i
l
t
e
r
e
d
s
h
o
u
l
d
p
r
e
c
e
d
e
e
a
c
h
p
a
r
a
m
e
t
e
r
;
i
f
o
n
e
o
f
t
h
e
s
e
t
e
r
m
s
d
o
e
s
n
o
t
a
p
p
e
a
r
,
u
n
f
i
l
t
e
r
e
d
is
i
m
p
l
i
e
d
.
F
o
r
n
i
t
r
o
g
e
n
f
o
r
m
s
,
r
e
a
c
t
i
v
e
is
n
o
t
a
p
p
l
i
c
a
b
l
e
.
P
H
O
S
P
H
O
R
U
S
-
R
E
P
O
R
T
A
S
m
g
P
/
Q
l.
R
e
a
c
t
i
v
e
P
h
o
s
p
h
a
t
e
s
—
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
i
s
n
o
t
s
u
b
j
e
c
t
e
d
t
o
a
d
i
l
u
t
e
s
u
l
p
h
u
r
i
c
a
c
i
d
d
i
g
e
s
t
i
o
n
p
r
i
o
r
t
o
a
n
a
l
y
s
i
s
.
F
o
r
f
i
l
t
e
r
e
d
r
e
a
c
t
i
v
e
p
h
o
s
p
h
a
t
e
s
a
n
d
d
i
s
s
o
l
v
e
d
r
e
a
c
t
i
v
e
p
h
o
s
p
h
a
t
e
s
,
o
n
l
y
o
r
t
h
o
p
h
o
s
p
h
a
t
e
i
s
m
e
a
s
u
r
e
d
p
r
o
v
i
d
e
d
t
h
a
t
f
i
l
t
r
a
t
i
o
n
a
n
d
a
n
a
l
y
s
i
s
a
r
e
p
e
r
f
o
r
m
e
d
i
m
m
e
d
i
a
t
e
l
y
a
f
t
e
r
s
a
m
p
l
e
c
o
l
l
e
c
t
i
o
n
.
F
a
i
l
u
r
e
t
o
a
d
h
e
r
e
t
o
b
o
t
h
c
o
n
d
i
t
i
o
n
s
m
a
y
y
i
e
l
d
h
i
g
h
r
e
s
u
l
t
s
d
u
e
t
o
h
y
d
r
o
l
y
s
i
s
o
f
o
t
h
e
r
f
o
r
m
s
o
f
p
h
o
s
p
h
o
r
u
s
,
o
r
l
o
w
r
e
s
u
l
t
s
d
u
e
t
o
b
i
o
l
o
g
i
c
a
l
a
c
t
i
v
i
t
y
a
n
d
p
h
y
s
i
c
a
i
n
t
e
r
a
c
t
i
o
n
o
f
t
h
e
o
r
t
h
o
p
h
o
s
p
h
a
t
e
w
i
t
h
t
h
e
s
a
m
p
l
e
c
o
n
t
a
i
n
e
r
.
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2. Inorganic Phosphorus - the sample aliquot is subjected to a dilute
sulph uric acid digestion (no persulphate and no fuming) to convert
hydrolyzable phosphorus forms to orthophosphate, which is then
measured. Often called total phosphate, which is an unacceptable
term.
3. Total Phosphorus — an unfiltered sample aliquot is subjected to a combined
dilute sulphuric acid/persulphate digestion (or fuming) to convert
both inorganic and organic forms of phosphorus to orthophosphate,
which is then measured. Unfiltered is implied by the nomenclature.
4. Filtered Total Phosphorus — same as for total phosphorus except that the
filtrate is analyzed after the sample aliquot has passed through
the filter media.
5. Dissolved Total Phosphorus — same as for total phosphorus except that
the filtrate is analyzed after the sample aliquot has passed through
a 0.45 um membrane.
6. Particulate Phosphorus — a direct analysis of that portion of the sample
aliquot retained on the filter media; or a calculation of the dif-
ference between total phosphorus and filtered or dissolved total
phosphorus. The calculated value can be ambiguous unless the terms
involved in the calculation are specified.
7. Organic Phosphorus — an ambiguous term, usually defined as the difference
between total phosphorus and inorganic phosphorus.
Filtered, dissolved, or unfiltered should precede each parameter, as
appropriate; if one of these terms does not appear, unfiltered is implied.
REACTIVE SILICATE — REPORT AS mg SiOz/Q
Filtered, dissolved, or unfiltered should precede each parameter, as
appropriate; if one of these terms does not appear, unfiltered is implied.
Reactive silicate is also called reactive silica or silica, neither of which
is used in this report.
MINERALS - REPORT AS mg M/R
Minerals include sodium, potassium, magnesium, and calcium. Generally,
no distinction is made among unfiltered, filtered, and dissolved but, consider-
ing possible applications of the data, the distinction should be made if
possible.
ALKALINITY - REPORT AS mg CaCO3/£
Total alkalinity, with a titration to pH = 4.5, or by an equivalent
method, is the sum of bicarbonate and carbonate alkalinity. For Upper Lakes
waters, carbonate alkalinity is usually negligiblecompared to bicarbonate
alkalinity.
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 M
E
T
A
L
S
-
R
E
P
O
R
T
AS
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M
/
Q
Me
ta
ls
in
cl
ud
es
ar
se
ni
c,
ba
ri
um
,
ca
dm
iu
m,
ch
ro
mi
um
,
co
pp
er
,
ir
on
,
le
ad
,
ma
ng
an
es
e,
me
rc
ur
y,
ni
ck
el
,
se
le
ni
um
,
si
lv
er
,
st
ro
nt
iu
m,
zi
nc
,
an
d
al
um
in
um
.
Th
e
te
rm
in
ol
og
y
fo
r
me
ta
ls
di
ff
er
s
sl
ig
ht
ly
fr
om
th
e
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pl
ic
at
io
n
to
ot
he
r
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ra
me
te
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.
In
ad
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ti
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,
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ua
ll
y
ad
de
d
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a
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er
va
ti
ve
;
th
is
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t
to
be
co
nf
us
ed
wi
th
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ad
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d
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r
di
ge
st
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n.
1.
To
ta
l
Me
ta
l
—
an
al
ys
is
by
an
ap
pr
op
ri
at
e
te
st
of
an
un
fi
lt
er
ed
sa
mp
le
al
iq
uo
t
su
bj
ec
te
d
to
a
di
ge
st
io
n.
2.
Un
fi
lt
er
ed
Me
ta
l
—
an
al
ys
is
of
th
e
un
fi
lt
er
ed
sa
mp
le
al
iq
uo
t
wi
th
no
digestion.
3.
Fi
lt
er
ed
Me
ta
l
—
an
al
ys
is
of
th
e
fi
lt
ra
te
po
rt
io
n
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a
sa
mp
le
al
iq
uo
t
w
i
t
h
n
o
d
i
g
e
s
t
i
o
n
.
4.
Di
ss
ol
ve
d
Me
ta
l
—
an
al
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is
of
th
e
po
rt
io
n
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th
e
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mp
le
al
iq
uo
t
fi
lt
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ed
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ro
ug
h
a
0.
45
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,
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rt
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ul
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—
a
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re
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c
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c
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at
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d
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e
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.
Ex
am
pl
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H
e
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l
e
n
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C
h
r
o
m
i
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F
e
r
r
o
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-
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F
e
r
r
i
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F
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I
I
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at
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at
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b
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C
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C
O
N
D
U
C
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A
N
C
E
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R
E
P
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A
S
u
S
/
c
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M
e
a
s
u
r
e
d
a
t
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5
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C
o
r
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o
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r
e
c
t
e
d
t
o
t
h
i
s
t
e
m
p
e
r
a
t
u
r
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S
O
L
I
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S
—
R
E
P
O
R
T
A
S
m
g
/
2
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li
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,
al
so
c
a
l
l
e
d
r
e
s
i
d
ue
wh
e
n
r
e
f
e
r
r
i
n
g
to
a
g
r
a
vi
m
e
t
r
i
c
te
ch
ni
qu
e,
m
a
y
be
d
e
t
e
r
m
i
n
e
d
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m
a
n
y
d
i
f
f
e
r
e
n
t
pr
oc
ed
ur
es
.
T
h
e
r
e
is
no
k
n
o
wn
wa
y
to
s
p
e
c
i
f
y
t
h
e
a
c
c
u
r
a
c
y
of
a
n
y
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t
h
e
m
e
t
h
o
d
s
.
 
1.
T
o
t
a
l
S
o
l
i
d
s
-
a
g
r
a
v
i
m
e
t
r
i
c
a
n
a
l
y
s
i
s
of
a
n
u
n
f
i
l
t
e
r
e
d
s
a
m
p
l
e
a
l
i
q
u
o
t
at
t
h
e
s
p
e
c
i
f
i
e
d
d
r
y
i
n
g
t
e
m
p
e
r
a
t
u
r
e
.
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2.
Fil
ter
ed
Sol
ids
—
a gr
avi
met
ric
ana
lys
is
of
the
fil
tra
te
por
tio
n o
f a
sample aliquot at the specified drying temperature.
3.
Diss
olve
d So
lids
— a
grav
imet
ric
anal
ysis
of t
he f
iltr
ate
port
ion
of a
sample aliquot passed through a 0.45 pm membrane at the specified
drying temperature.
4.
Part
icul
ate
Soli
ds -
grav
imet
ric
anal
ysis
perf
orme
d on
that
port
ion
of
the sample aliquot retained on the filter media. The calculation
of particulate solids from total solids minus filtered or dissolved
solids should not be performed because the resulting weight is
usually the small difference between two large values. Particulate
solids is also called suspended solids, a term which is not used in
this report.
The drying temperature is usually 1050C or 1800C; both the temperature
and the filter media must be specified.
Solids may also be measured as:
5. Conductimetric Solids - a weight calculgted from a specific conductance
measurement at, or corrected to 25 C, using a conversion factor of
0.65. This conversion factor is implied unless otherwise specified.
6. Dissolved Solids by Summation — a summation of the concentrations of
sodium, potassium, calcium, magnesium, chloride, sulphate, and the
bicarbonate equivalent of alkalinity present in the filtrate of a
sample aliquot passed through a 0.45 pm membrane. Nitrate and
reactive silicate are also often included.
OTHER PARAMETERS
The following parameters are reported as:
1. Biochemical Oxygen Demand (BOD) — mg/l. In addition, the incubation
time and temperature, as well as the other experimental conditions,
must be specified, e.g. BOD5 at 25 C.
2. Carbon - report as mg C/Q
3. Chemical Oxygen Demand - mg/Q
4. Chloride - mg/Z
5. Cyanide - mg CN/Q
6. Dissolved Oxygen — mg 02/£, or percent saturation with the temperature
specified.
7. Fluoride - mg/l
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